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PREFACE TO THE 
THIRD EDITION 


In the good old days, when examinations for engineering licensing were in their 
infancy, most review books were mainly compilations of problems with little 
supporting theory—much like this book. Such books placed the burden on the 
examinees to accumulate and become familiar with numerous textbooks and 
references. 

The National Council of Examiners for Engineering and Surveying (NCEES) 
changed all that when it limited you to a single reference booklet that it provides. 
While this eliminated the “shopping cart syndrome” (wherein some examinees 
literally brought shopping carts of books to the exam), it also changed the na- 
ture of how most examinees conduct their review. The scope of the exam has 
narrowed significantly, and the scope of the examinees’ review has shrunk ac- 
cordingly, placing more emphasis on the ability to quickly work certain standard 
types of problems. 


Since you cannot use your own reference books in the Fundamentals of Engi- 
neering (FE) exam, working countless practice problems has become the review 
method of choice for many examinees. This book contains the grist for the 
problem review mill. 


Parallel to the actual exam, this edition features problems that all use the SI 
system of units. Approximately half of the problems have been revised or re- 
placed in order to use these units. New problems have been added to cover 
high-probability subjects that had no representation in previous editions. The 
entire book has been edited to incorporate PPI’s rigorous style and quality stan- 
dards. 


I hope you will find this book particularly useful and valuable. 


Michael R.. Lindeburg, PE 
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HOW TO USE 
THIS BOOK 


If you never read the material at the front of your books anyway, and if you are 
in a hurry to begin and you only want to read one paragraph, here it is. 
All chapters in this book are independent. Start with any one. Solve all 
the problems for which you have time. Don’t peek at the answers. Work 
problems in your weak areas as well as in your strong areas. Keep studying 
until the exam. Good luck. 


However, if you want a thorough review, you will probably want to know a little 
more about reviewing for the exam. The rest of this introduction is for you. 
This book doesn’t contain any supporting theory and is not really meant to be 
used as a stand-alone exam review. It was meant to be used in conjunction 
with two other references: a FE exam review book (e.g., either the FE Review 
Manual or Engineer-In-Training Reference Manual) and the NCEES Handbook. 
All three of the books listed are available from PPI. 


Depending on your preference, you might decide to first review a subject and 
then work practice problems. Or, you might decide to jump right in and try to 
work the problems, reviewing only those subjects that are rusty or unfamiliar. 
This book can be used either way. 


While working through the problems, you should try to use the NCEES Hand- 
book as your sole reference source. Refer to the FE Review Manual or Engineer- 
In-Training Reference Manual when you need to refresh your memory about 
subjects that have become dim. However, use the NCEES Handbook when you 
simply need a formula or data. That way, you will become intimately familiar 
with the only reference that is permitted in the examination room. 
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MATHEMATICS 


MATHEMATICS-1 


The set, A consists of elements {1,3,6}, and the set B consists of elements 
{1,2,6,7}. Both sets come from the universe of {1,2,3,4,5,6,7,8}. What is 
the intersection, AB? 


(A) {2,7} (B) {2,3,7} (C) {2,4,5,7,8} (D) {4,5,8} 
The set of “not A” consists of all universe elements not in set A: 
{2, 4,5,7,8}. 


The intersection of {2,4,5,7,8} and {1,2,6,7} is the set of all ele- 
ments appearing in both. 


Thus Af)B is {2,7}. 


The answer is (A). 


MATHEMATICS-2 
For a given function, f(t) = f(—t). What type of symmetry does f(t) have? 


(A) odd symmetry 

(B) even symmetry 

(C) rotational symmetry 
(D) quarter-wave symmetry 


When f(t) = f(—t), the function is “mirrored” on either side of the 
vertical axis. This is known as even symmetry. 


The answer is (B). 
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MATHEMATICS-3 


What is the value of each interior angle of a regular pentagon? 
rT 2r T ar 
(A) = B) = © 5 o = 
For a regular polygon, the value of each interior angle, @, is 


_ ™(number of sides — 2) 


number of sides 


For a regular pentagon, 


-16-2 
~ 5 


0 


The answer is (D). 


MATHEMATICS-4 


A cubical container that measures 2 m on a side is tightly packed with eight 
balls and is filled with water. All eight balls are in contact with the walls of the 
container and the adjacent balls. All of the balls are the same size. What is the 
volume of water in the container? 


(A) 0.38 m? (B) 2.5 më (C) 3.8 më (D) 4.2 m? 
Since the balls are tightly packed, rban = 0.5 m. 
Vwater = Vbox = 8 Vha 
= (2 m)? — (8) (r (0.5 m)) 
= 3.8 m? 


The answer is (C). 


MATHEMATICS-5 
Which number has four significant figures? 
(A) 0.0014 (B) 0.01414 (C) 0.141 (D) 1.4140 
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MATHEMATICS 1-3 


The number of significant figures, or digits, for each choice is (A) 2, 
(B) 4, (C) 3, and (D) 5. 


Only option (B) has four significant figures. 


The answer is (B). 


MATHEMATICS-6 
What is the solution of the equation 50x? + 5(z — 2)? = —1, where v is a 
real-valued variable? 
(A) —6.12 and —3.88 (B) —0.52 and 0.700 
(C) 7.55 (D) no solution 


For real-valued x, the left-hand side of the equation must always be 
greater than or equal to zero, since all terms containing z are squared. 
There is no solution to this equation for real values of z. 


The answer is (D). 


MATHEMATICS-7 
What are the roots of the cubic equation z? — 82 — 3 = 0? 
(A) z = —7.90, —3, —0.38 


( 
(C) z= —3, —0.38, 2 
(D) z = —2.62, —0.38, 3 


By inspection, +3 is a root, and (z—3) is a factor. Factor out (x — 3). 


z? —8r-—3 


=r? +3r+1 
r=3 
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Use the quadratic equation to solve z? + 3x + 1 =0. 


§a0f0—4 
a piii 


= —2,62, —0.38, 3 


The answer is (D). 


MATHEMATICS-8 

Naperian logarithms have a base closest to which number? 

(A) 2.17 (B) 2.72 (C) 3.14 (D) 10.0 
The base of Naperian logarithms is the number e 2.7183. Of the 
choices given, 2.72 is the closest to e. 


The answer is (B). 


MATHEMATICS-9 

What is the radius of the circle defined by x? + y? — 4r + 8y = 7? 

(A) v3 (B) 2v5 (C) 3v3 (D) 4v3 
Since the general equation for a circle is (x — a)? + (y = b)? = r°, 
rearrange the equation given to fit the general equation. 


£? — 4r +y? + 8y =T 


Complete the binomial forms. 

r? — 4g +4+y? + 8y+16=7+4+16 
(z = 2)? + (y +4)? = 27 

r? = 27 

r= 3v3 


The answer is (C). 
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MATHEMATICS-10 
What is the natural logarithm of e7”? 

1 2.718 
(A) - 


(B) zy (C) 2.718ay (D) pse 


By definition, the natural logarithm of a number is 


The answer is (B). 


MATHEMATICS-11 
What is the value of (0.001)?/3? 
(A) antilog (3 log 0.001) 
(B) 2 antilog (log 0.001) 


(C) antilog | log — 


3 
(D) antilog (2 log 0.001) 


log x* = alog z 
log(0.001)?/ = 2 log 0.001 
(0.001)?/* = antilog (2 log 0.001) 


The answer is (D). 


MATHEMATICS—12 


The salary of an employee’s job has five levels, each one 5% greater than the one 
below it. Due to circumstances, the salary of the employee must be reduced from 
the top (fifth) level to the second level, which results in a reduction of $122.00 


per month. What is the employee’s present salary per month? 


(A) $440/mo (B) $570/mo (C) $680/mo (D) $900/mo 
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The salary levels represent a geometric sequence. Let 5; be the salary 


at level i. 
S3 = 1.0552 
S4 = 1.0553 
Ss = 1.0554 
= (1.05)? Sz 
Ss — 122 = So 


= (1.05) (s $ ~ 122 =) 
= $896/mo ($900/mo) 


The answer is (D). | 


MATHEMATICS-13 
Which of the following statements regarding matrices is FALSE? 
(A) (AT) =A 
(B) A(B +C) = AB+ AC 
2 5 12 

© (7 a) G) =C) 
(D) (AB)™ = A™'B-? 

The inverse of a product of two matrices is the product of the inverses, 


in reverse order. 
(AB)`! =BA7} 


| The answer is (D). | 


What is the determinant of the following 2 x 2 matrix? 


(7) 


(A) -33 (B) -27 (C) 27 (D) 33 
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MATHEMATICS 
The determinant, D, is calculated as follows. 


v=! 


7 6 
= (5)(6) — (7)(9) 
= —33 


The answer is (A). 


MATHEMATICS-15 


What is the determinant of the following matrix? 


111 
2 -1 4 
(: 2 3) 
(A) 0 (B) 1 (C) 5 (D) 7 


To find the determinant, expand by minors across the top row. 
-1 1 2 1 2 <1 
pe ala] a ale] a | 
= ((-1)(=1) = (2)4)) — ((2)(-1) — D) + ((@)(2) - D-9) 
7 


The answer is (D). 


MATHEMATICS-16 
What is the inverse of the matrix A? 


cosh —sin®@ 
sin @ cos @ 


A= 
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Oy eae) 
aes mee 
o (e ane) 
(D) ga ae 


For a 2 x 2 matrix, X, 


The inverse, X~!, is 


1 d —b 
ot le 
x -5(2 2) 


D is the determinant of X. For matrix A, 


D = cos? @ — (sin@)(—sin 0) 
= cos’ 6 + sin? 0 


=1 
E cos sinĝ 
ai E A 
The answer is (C). 
MATHEMATICS-17 
What is the rank of the matrix A? 
1 1 0 1 
3 1 1 -l 
a 0 1-1 1 
2 0 —2 
(A) 0 (B) 1 (C) 2 
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The rank of a matrix is the number of independent vectors (rows). 
The rank can be found by row-reducing (diagonalizing) the matrix 
and counting the number of pivots in the row-reduced form of the 
matrix. 


Row 2 = (—2)(Row 2) + (3)(Row 4) 
Row 4 = Row 4 — Row 2 
Row 3 = (2)(Row 3) + Row 2 


The row-reduced form of A is 


0 1 
1 4 
-1 -2 
0 0 


ocor 


The matrix cannot be further row-reduced. There are three pivots 
and, therefore, three independent rows. The rank of matrix A is 3. 


The answer is (D). 


MATHEMATICS-18 


Determine the values of x; and 22 that satisfy the following linear system. 
3 7 C 2 
2 6 T2 = 4 
4 2 —2 —4 
a(d @(3) o©(%) w) 


The linear equations represented by this system are 


321 + Tt =2 
22; + 6T = 4 
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Use Cramer’s rule to solve the system of equations. 

2: TF 

46 


ae. a; 
2 6 


—16 


The answer is (D). 


MATHEMATICS-19 


If sina = x, what is seca? 


£ 1 x 
“es OTe Oe Ola 
Since sina is the side facing angle a divided by the hypotenuse, the 
hypotenuse = 1. Therefore, 


side adjacent to angle a = V1 — r? 
hypotenuse = 1 
side adjacent to anglea V1- z? 


seca = 


The answer is (C). 
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MATHEMATICS—20 


Experimental data show that a body’s temperature declines exponentially in time 
according to the expression T(t) = 50e~—°-9* (where 50 is a constant expressed 
in °C, 0.04 is the cooling rate in min™!, and ¢ is the cooling time expressed in 
minutes). How long would it take the body to reach 25°C? 


(A) 12.4 min (B) 15.6 min (C) 16.5 min (D) 17.3 min 


T(t) = 5067004 
25°C = (50°C)e—°-% min“! 
-0.04 mint _ 25°C _ 


e "= gpa 7 oO 


Take the natural logarithm of both sides. 
—0.04 min=1t = 1n0.5 
ln0.5 


= 20.04 min! 
= 17.3 min 


t 


The answer is (D). | 


MATHEMATICS-21 
If the sine of angle A is given as K, what is the tangent of angle A? 
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oO 
sinA = 7 
=K 
tanA = 2 
a 
_ fh o 
~(2)(G) 
hK 
a 


The answer is (D). 


MATHEMATICS-22 


Which is true regarding the signs of the natural functions for angles between 90° 
and 180°? 


(A) The tangent is positive. 
(B) The cotangent is positive. 
(C) The cosine is negative. 
(D) The sine is negative. 


In the second quadrant, the natural functions and their signs are as 


follows. . S 
sin positive 
cos negative 
tan negative 
cot negative 
sec negative 
csc positive 


The answer is (C). 


MATHEMATICS—23 
What is the inverse natural function of the cosecant? 


(A) secant (B) sine (C) cosine (D) tangent 
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In a right triangle, the cosecant is the hypotenuse divided by the 
opposite side. The sine is the opposite side divided by the hypotenuse. 


1 


sin f = 0 


MATHEMATICS—24 
What is the sum of the squares of the sine and cosine of an angle? 


(A) 0 (B) 1 (C) v3 (D) 2 


For any angle, 
cos? x + sin? z= 1 


The answer is (B). 


MATHEMATICS—25 

What is an equivalent expression for sin 2%? 

2sing 
sec T 


(A) }sinzcosz (B) 2sinzcos}x (C) —2sinzcosz (D) 


The double angle formula for the sine function is 


sin 2z = 2sinz cosx 
2sinz 


sec T 


The answer is (D). 
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MATHEMATICS-26 
The Taylor series expansion for cos x contains which powers of x? 


(A) 0, 2, 4, 6, 8, ... 

(B) 1, 3, 5, 9,... 

(C) 1, 2, 3, 4, 5, cas 

(D) 1/2, 3/2, 5/2, 7/2, ... 


The Taylor series expansion for cos z is as follows. 


cosg = 1 a? zt a + 
~~ af at a 
Only the positive even powers of z are contained in the expansion of 
cos T. 


The answer is (A). 


MATHEMATICS-—27 


A transit set up 40 m from the base of a vertical chimney reads 32°30’ with the 
crosshairs set on the top of the chimney. With the telescope level, the vertical 
rod at the base of the chimney is 2.1m. Approximately how tall is the chimney? 


(A) 15 m (B) 26 m (C) 28 m (D) 38 m 


To find the height, H, of the chimney, refer to the following figure. 
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tang = Z 
y = (40.0 m) tan 32.5° 
= 25.5 m 
H =2.10m+y 


= 2.10 m +25.5 m 
=27.60m (28 m) 


The answer is (C). 


MATHEMATICS-28 


1-15 


At approximately what time between the hours of 12:00 noon and 1:00 p.m. 
would the angle between the hour hand and the minute hand of a continuously 


driven clock be exactly 180°? 


(A) 12:28 p.m. (B) 12:30 p.m. (C) 12:33 p.m. 


12 


ay 


The change in the angle of the minute hand between 12:00 p.m. and 


1:00 p.m., œ, is 

_ 360° 
7 60 min 
= (6t)° 


an 


The change in the angle of the hour hand between 12:00 noon and 


1:00 p.m., ag, is 
(12)(60 min) 
= (0.5t)° 


a= 
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(D) 12:37 p.m. 
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In the preceding equations, t is in minutes past 12:00 noon. The angle 
between the two hands is a1 = ag. 


Qi — Q = 180° 
(6t)° — (0.5t)° = 180° 
(5.5t)° = 180° 

t = 32.7 min 


MATHEMATICS-—29 


In finding the distance, d, between two points, which equation is the appropriate 
one to use? 


(A) d= J(a1 — £2)? — (y2 — 1)? 
(B) d= y (z1 — y1)? + (z2 — ya)? 
(C) d= y (zi — z3) + 

(D) d= y (z2 — 21)? + (y2 - 11)” 


The distance formula is defined as follows. 


(£2 — £1)? + (y2 — 41)? 


The answer is (D). 


MATHEMATICS-30 
The equation y = a +a% is an algebraic expression for which of the following? 


(A) a cosine expansion series 
(B) projectile motion 

(C) a circle in polar form 
(D) a straight line 
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y = mz + b is the slope-intercept form of the equation of a straight 
line. Thus, y = a, + aoz describes a straight line. 


MATHEMATICS-—31 
Find the slope of the line defined by y — z = 5. 
(A) 5+2 (B) —1/2 (C) 1/4 (D) 1 


The slope-intercept form of the equation of a straight line is y = 
mz +b, where m is the slope and b is the y-intercept. 


y-x=5 
y=Hxr2ts 
The coefficient of x, m, is 
m=1 


The answer is (D). 


MATHEMATICS-32 


Find the equation of a line with slope = 2 and y-intercept = —3. 


(A) y= 30+ 2 
(B) y= 22-3 
(C) y= 2a41 
(D) y=2r+3 


The slope-intercept form of the given equation is 


The answer is (B). 


y = 22-3 
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MATHEMATICS-33 


(A) y= (B) y=—22+2 (C) y= -2x (D) y = -x 


Since the line passes through the origin, the y-intercept is 0. Thus, 
the equation simplifies to y = mg. Substituting for the known points, 


The answer is (D 


MATHEMATICS-34 
What is the name for a vector that represents the sum of two vectors? 


(A) scalar (B) resultant (C) tensor (D) moment 


By definition, the sum of two vectors is known as the resultant. 


The answer is (B). 


MATHEMATICS-35 
What is the resultant, R, of the vectors F), F2, and F3? 
F, = 4i+ 7j+ 6k 


Fz = 914+ 2j+11k 
F; = 5i — 3j — 8k 


(A) R= 18i + 6j + 9k 
(B) R = -18i — 6j — 9k 
(C) R = 18i + 12j + 25k 
(D) R = 2i 
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The resultant of vectors given in unit-vector form is the sum of the 
components. 


R= (44+94+5)i+(7+2-3)j+ (6+ 11—8)k 
= 18i + 6j + 9k 


). 


The answer is (A 


MATHEMATICS-36 
Simplify the expression (A. x B). C, given 


A =314+2j 
B=2+3j+k 
C = 5i+2k 
(A) 0 (B) 20 (C) 60i+24k (D) 5i+ 2k 


First find A x B. 


A x B = (3i + 2j) x (21+ 3j + k) 
ijk 
3 2 0 
23 1 
= i(2 — 0) —j(3 — 0) + k(9 — 4) 
= 2% — 3j + 5k 
(A x B)-C = (2i — 3j + 5k) - (51 + 0j + 2k) 
= (2)(5) + (—3)(0) + (5)(2) 
= 20 


The answer is (B). 


MATHEMATICS-37 


What type of curve is generated by a point that moves in uniform circular motion 
about an axis, while travelling with a constant speed, v, parallel to the axis? 


(A) a cycloid (B) anepicycloid (C) ahypocycloid (D) a helix 
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A curve generated by the method described is called a helix and is 
illustrated in the following figure. 


x 
The answer is (D). 


MATHEMATICS-38 
What is the term that describes a possible outcome of an experiment? 
(A) a sample space (B) a random point 


(C) an event (D) a finite set 


By definition, an event is a possible outcome of a trial or experiment. 


The answer is (C). 


MATHEMATICS-39 

In probability theory, what is the term that describes the set of all possible 
outcomes of an experiment? 

(A) a set of random events 

(B) a fuzzy set 

(C) a cumulative distribution 

(D) a sample space 
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By definition, the sample space is the set of all possible outcomes of 
an experiment. 


MATHEMATICS—40 


How can the values of a random variable defined over a sample space be 
described? 


(A) always continuous 

(B) always numerical 

(C) strictly nonzero 

(D) defined only over a finite horizon 


The values of a random variable can be continuous or discrete over 
a finite or infinite domain. The values in the sample space can be 
shared by other sample spaces. However, the values of a random 
variable must be numerical. 


The answer is (B). 


MATHEMATICS-41 


If two random variables are independently distributed, what is their relationship? 


(A) They are not identically distributed. 
(B) They are uncorrelated. 

(C) They are mutually exclusive. 

(D) Either option (A) or option (B) is true. 


By definition, two independently distributed random variables are un- 
correlated. Any two random variables may or may not be identically 


distributed. Independent events cannot be mutually exclusive. 


The answer is (B). 
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MATHEMATICS—42 


Which of the following properties of probability is NOT valid? 

(A) The probability of an event is always positive and less than or equal to one. 

(B) If Eo is an event which cannot occur in the sample space, the probability 
of Ep is zero. 

(C) If events Ei and Es are mutually exclusive, then the probability of both 
events occurring is zero. 


(D) If events E and Ez are events from the same sample space, then P(E, + 
Ez) = P(E\) + P( £2) — P(E, E2). 


The probability law given in option (D) is valid for events from two 
sample spaces, not events from a single sample space. The correct 


rule for events from a single sample space is 


P(E, + E2) = P(E)) + P(E2) 


The answer is (D). 


MATHEMATICS—43 


Which one of the following functions cannot be a probability density function 
for the variable x? 
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To be a probability density function, the area under the curve must 
equal 1. That is, the cumulative density function must sum to 1. The 
area under the curve for option (A) is 1/2. Therefore, it cannot be a 
probability density function. 


The answer is (A). 


MATHEMATICS—44 


If n is the number of trials, and m is the number of successes, what is the 
frequency based interpretation of the probability of event E? 


(A) P(E) = im = 
A n 

(Œ) P(E) = im 

(C) P(E) = lim —"— 


(D) P(E) = lim Z 


n00 TL 


The probability of an event can be interpreted as the fraction of suc- 
cessful outcomes when the experiment is performed an infinite number 
of times. Thus, 

P(E) = lim — 


n= TL 


The answer is (D). 
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MATHEMATICS-—45 
For a continuous random variable X with probability density function f(x), what 
is the oy value of X? 
(A) E(X) = =f af (a 
(B) Z pei JS, y de 
(C) E(X) = f>° f(a) de 
(D) E(X) = fy zdz 
The expected value or average of X can be defined mathematically 
as follows. 


E(X) = - af (x) dz 


The answer is (B). 


MATHEMATICS—46 
If P(B) #1, and A and B are not independent events, what is P(A|B)? 


(A) (P(A))(P(B)) — (B) (P(BIA)) (25) 


B 
(C) P(A) ©) (Peale) (722) 
The probability of event A occurring, given that the dependent event 
B has occurred, is predicted by the conditional probability law, com- 
monly known as Bayes theorem. 


P(AB 
P(BIA) = E 
Similarly, 
P(AB 
P(A\B) = a 
Therefore, 


P(AIB) = CONES) 


The answer is (B). 
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MATHEMATICS-—47 


If the discrete random variable X has a geometric distribution parameter P and 
smallest mass point 0, what is the expected value of X? 


(A) P (B) P~! (C) Pi-P (D) =+ 


The geometric distribution is a special case of the negative binomial 
distribution. The mean is (1— P)/P, and the variance is (1 — P) /P?. 
Note: Some authors define the geometric distribution with the small- 
est mass point being 1 (instead of 0). In that case, the mean is 1/P 
and the variance is the same as before. 


The answer is (D). 


MATHEMATICS-48 


If the variable X has a Poisson distribution with parameter À, what is the 
expected value of X? 


(A) X? (B) A(1— A) (C) 7? (D) A 


For the Poisson distribution, both the mean and variance are equal 
to À. 


The answer is (D). 


MATHEMATICS—49 


If X is a binomial random variable with parameters n and p, what is the expected 
value of X? 


(A) n(1 — p) (B) np(1 —p) (C) p7! (D) np 


For a binomial distribution, the mean is np, and the variance is 
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MATHEMATICS-50 


For a discrete random variable X with probability mass function P(X), what is 
the expected value of X? 


(A) E(X) = $3 2:P(zi) 


all z: 


B) E(X)= Ý 2}P(a:) 


all x; 


(C) E(X) = SF Plz) 


all z; 


(D) E(X) = Yo (z: — 2)P(z:) 


all 2, 


The expected value of a discrete function is given by the following. 


E(X) = 2 P(21) + z2P(z3) ++ 


= >> P(x) 


all x; 
The answer is (A). 


MATHEMATICS-51 


An item’s cost distribution is given. What is the approximate expected cost? 


cost ($) probability 
0.07 
0.23 
0.46 
0.17 
0.04 
0.03 


Oo om tc he 


(A) $2.5 (B) $2.9 (C) $3.0 (D) $3.1 


The expected value is the sum of the products of the individual values 
and their respective probabilities. 
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E(cost) = ($1)(0.07) + ($2)(0.23) + ($3)(0.46) + ($4) (0.17) 
+ (85)(0.04) + ($6)(0.03) 
= $2.97 ($3.0) 


MATHEMATICS-52 


One fair die is used in a dice game. The player wins $10 if he rolls either a 1 or 
a 6. He loses $5 if he turns up any other face. What is the expected winning for 
one roll of the die? 


(A) $0.00 (B) $3.33 (C) $5.00 (D) $6.67 


For a fair die, the probability of any face turning up is 1/6. Therefore, 
the expected value is 


Evin = ($10) Q (3)) ~ ($5) (w (z)) = $0.00 


MATHEMATICS-53 


An urn contains four black balls and six white balls. What is the probability of 
getting one black ball and one white ball in two consecutive draws from the urn 
without replacement? 


(A) 0.040 (B) 0.24 (C) 0.27 (D) 0.53 


P(black and white) = P(black then white) + P(white then black) 


= (is) (3) + (zo) (3) 


= 0.53 . 
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MATHEMATICS-54 
The probability that both stages of a two-stage rocket will function correctly 
is 0.95. The reliability of the first stage is 0.98. What is the reliability of the 
second stage? 
(A) 0.95 (B) 0.96 (C) 0.97 (D) 0.98 

In a serial system consisting of two units, 


Ri = RR 


In the preceding question, Rọ is the reliability of stage 2, and H; is 
the total reliability of all stages. For the second stage, 


p F 
k= i 


_ 095 
~ 0.98 
= 0.97 


The answer is (C). 


MATHEMATICS-—55 
What is the exponential form of the complex number 3 + 4i? 
(A) eid3.1° (B) et53-1° (C) etl26.9° (D) 7ei53.1° 


Any complex number a + bi can be converted to its equivalent expo- 
nential form as follows. 


a+bi= / a2 + pret arctan b/a 


Therefore, 


3+4i=4 [32 + 42 et arctan 4/3 


arctan $ = §3.1° 


3 + 4i = 5e31 


The answer is (B). 
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MATHEMATICS-56 
What is the product of the complex numbers 3 + 47 and 7 — 2i? 
(A) 10+ 2% (B) 13+ 22% (C) 134 34: (D) 29 + 22% 
(3 + 44)(7 — 2i) = 21 — 8i? + 28i — 6i 


= 21+8 + 28i — ői 
= 29 + 22% 


). 


MATHEMATICS-57 


What is the rectangular form of the complex number 72609 
(A) 7.15 + 0.87% (B) 7.15 — 0.87% 
(C) —0.87 + 7.15% (D) —0.87 — 7.15% 


A complex number of the form ce“ can be converted to rectangular 
form as follows. 


ce = ccosd + (csind)i 


Tr Tr 
i(7m/13) — e — j — ; 
7.2e = (7.2) (cos 3 + (sin r) i) 


= —0.87 + 7.15i 


The answer is (C). 


MATHEMATICS-58 
What is the product of the complex numbers 2 — 2i and y/32et"/4? 


(A) 16 (B) 16i (C) 16e¢7/4 (D) 16(1 — å) 
22 = [92 i 22e arctan —2/2 
= V8e7it/4 
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Therefore, 
(2 ~ 24) /32e*7/4 = yVBe™i T/A 3217/4 


= (BV 32ei("/4-7/4) 
= 16 


The answer is (A). 


MATHEMATICS-59 
What is the rationalized value of the following complex quotient? 
6 + 2.5% 
3 + 4i 


(A) —0.32+0.66i (B) 0.32-0.66i (C) 11-0661 (D) -1.7+1.1 


In order to rationalize a complex number, multiply the numerator 
and denominator by the complex conjugate of the denominator. 


6+2.5i _ (6 +2.5i)(3 — 4i) 
3+4i ~~ (3+4i)(3 — 4i) 


_ 28-16.5i 
25 
= 1.1 — 0.667 
MATHEMATICS-60 
What is the first derivative with respect to z of the function g(x) = 4/9? 
(A) 0 (B) 4/9 (C) 4 (D) 12 


The derivative of a constant is zero. Therefore g'(x) = 0. 


The answer is (A) 
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MATHEMATICS-61 
If a is a simple constant, what is the derivative of y = z4? 


(A) ax (B) x?! (C) azt (D) (a-—1)z 


The answer is (C). 


MATHEMATICS—62 

What is the derivative of f(x) = (#3 — (z — 1)?)"? 
(A) 3x? — 3(z — 1)? 

(B) 3 (= — (z — 1)8)? 

(©) 9 (2? — (z — 1)) (x? — (x — 1)?) 

(D) 9 a (z —1) 3)? (x? — (z — 1)?) 


f(a) = (è - (e@-1)°)° 
F(z) =3 (2° — (2 — 18)" = AG - (z —1)') 
=3 (z? — (z = 18)? (30 — 3(2 — 1)?(1)) 
= 9 (z? — (z — 1⁄8)? (x? — (x — 1)?) 


The answer is (D). 
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MATHEMATICS-63 
Differentiate f(x) = V227 + 4r +1. 
(A) 2242 
(B) 5 V2z +4 +1 

20 +2 


(O re ary ara 
207 + 47+ 1 
4a + 4 


©) ata anti 
f(z) = 2x2 +4241 


= (207 + 4a +1)? 
f(z) = 


(2a? + 4r + 1)? 


3 g +4r +1) 
TETEE (4z +4) 
2r +2 


F y2r? +4r +1 


The answer is (C). 


MATHEMATICS-64 
Find the second derivative of y = Vz? + 2-?. 
= E 6 
(A) 1-22-73 (B) 1—6z~4 (C) 3 (D) a 
y= V2 + xz? 
la ar 
ea 
= +1 — 277° 
y” _ 6z7 


Note: z/v z? = +1 because by definition, Vz? = |z]. 


The answer is (D). 
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MATHEMATICS-65 


Find dy/dt given the following two simultaneous differential equations. 


dz dy DRS 
2g Sg tT y=k 
dz dy 
3 Fag 7m cose 


2 
(A) E (cost + 8a — ły — 3k) 


(B) 5 (sint +} La — y’ — 3k) 
(C) -5 (sint +} Ly + y? — $k) 
(D) Š (cost + far — Sy — $h) 


Solve both equations for dx/dt. 


dx _ dy 
T= (ety-a+3%) 
dr 1 dy 

aa (cost +2 - 2%) 


d 
aa el 3y + 32+ 2cost + 2x 
13% = 2eost + 5e 3y — 3k 
dy 2 
q 7 1g (Oost + 32 — ay- 3k) 


The answer is (A). 
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MATHEMATICS-—66 
If y = cos x, what is dy/dx? 
(A) secz (B) — secz (C) csex (D) -sinz 


d A 
== cos £ = = SİN £ 
dz 


The answer is (D). 


MATHEMATICS—67 


If the second derivative of the equation of a curve is proportional to the negative 
of the equation of the same curve, what is that curve? 


(A) a hyperbola (B) asquarewave (C) a sinusoid (D) acycloid 


The only type of function that fits the description is a sinusoidal one. 
2 d 
—; sing = — cos T 
dx? dx 
=~+sing 


The answer is (C). 


MATHEMATICS-68 
Given P = 2R?S°T'/? + R35 sin 2T, what is OP/OT? 
(A) REST? + 2R"? cos 2T 
(B) 6RS2T-1/2 + Fps cos 2T 
(C) 2R?S8T'/? + R! 9 cos 2T 
(D) RST"? + 2R"/38 cos 2T 
All variables other than T are treated as constants. 
OF _ap203 [ Lm-1/2 1/3 
aT = 2R°S (Gr + R'’*S(cos 2T)(2) 
= RST 1? + 2R! 8 cos 2T 


The answer is (D). 
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Which of the following describes the first derivative at point A of the function 
shown in the figure? 


(A) positive only 

(B) negative only 

(C) zero 

(D) positive or negative 


x 


The first derivative corresponds to the slope of a tangent line at the 
point. The slope of this tangent line is positive. Therefore, the first 
derivative of the function at point A is also positive. 


The answer is (A). 
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MATHEMATICS-—70 


Which of the following describes the second derivative at point A of the function 
shown? 


(A) positive only 
(B) negative only 
(C) zero 

(D) positive or negative 


The second derivative corresponds to the concavity of the function. 
Since the curvature at this point is concave down, the second deriva- 
tive is negative. The second derivative also indicates what is happen- 
ing to the first derivative, the slope. Since the slope is decreasing at 
point A, the second derivative must be negative. 


The answer is (B). 


MATHEMATICS-71 
What is the slope of the graph y = —2? at x = 2? 
(A) —4 (B) -2 (C) 1 (D) 3 
The slope of a curve is given by the first derivative. 
y(2) = —2? 


y (x) = -2¢ 


At x = 2, 
y' (2) = (-2)(2) 
=-4 


The answer is (A). 
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MATHEMATICS-72 


Given the function f(x) = z? — 5z +2, find f’(2), the value of the first derivative 
at r = 2. 


(A) 2 (B) 322 —5 (C) 7 (D) 8 


f(a) = 23 -5r +2 


f'(x) = 32? —5 
f'(2) = (3)(2)? -5 
=f 


The answer is (C). 


MATHEMATICS-73 


Find the slope of the tangent to a parabola, y = z?, at a point on the curve 
where x = 1/2. 


(A) -1/2 (B) 0 (C) 1/4 (D) 1 
y= a 
y = 22 
(9-20 
=1 


The answer is (D). 


MATHEMATICS-—74 
What is the slope of the curve y = x” — 42 at the origin? 
(A) -4 (B) -3 (C) 0 (D) 4 
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= (2)(0)— 4 
0 


= -4 


The answer is (A). 


MATHEMATICS-75 


Find the slope of the line tangent to the curve y = z? — 27 +1 at z = 1. 


(A) 1/4 (B) 1/3 (C) 1/2 (D) 1 
jae al 
y = 327 —2 
y(1) =3-2 
= 1 


The answer is (D). 


MATHEMATICS-—76 


Determine the equation of the line tangent to the graph y = 227 +1 at the point 
(1,3). 


First, determine the slope of the graph at z = 1. 


y= 227 +1 
y’ = 4r 
y'(1)=4 
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Since the tangent line intersects the graph at (1,3), the equation of 
the tangent line is 


y =4r+b 

3 = (4)(1) +b 
b= —1 
y=4r=1 


The answer is (B). 


MATHEMATICS-77 
Given yı = 47 + 3 and yz = x? + C, find C such that yz is tangent to y1. 
(A) 2 (B) 4 (C) 5 (D) 7 
The slope of yı = 4x +3 is 4 everywhere. Therefore, yz has a slope 
of 4 at the tangent point. 
Yo = 20 
4 = 2r 


r=? 


x = 2 at the tangent point. Find yı = y2 at the tangent point and 
substitute in to find C. 


yı = (4)(2) +3 


=11 
y2 = 11 
11 = (2? +C 
C=7 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


= 2 = = = a = 


1-40 1001 SOLVED ENGINEERING FUNDAMENTALS PROBLEMS 


MATHEMATICS-78 

Given j 
Mo (+ fo $40) 

What is the value of k such that yı is perpendicular to the curve y3 = 2x at 

z=1? 


(A) 2 (B) 3 (C) 6 (D) 7 
For two lines to be perpendicular, mima = —1, where m,, is the slope 
of line n. d 
Y2_ a 
Foa 9 
dz 


Therefore, at (1,1), 


1 = 3 
-I =e gk 
wet 
k=7 


The answer is (D). 


MATHEMATICS—79 


The location of a body as a function of time is z(t) = 18t + 9¢?. Find the body’s 
velocity at t = 2. 


(A) 20 (B) 24 (C) 36 (D) 54 
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MATHEMATICS 
Velocity is the first time derivative of the position function. 


a(t) = 18t + 9¢? 


v(t) = z'(t) 
= 18 + 18 
v(2) = 18 + (18)(2) 
= 54 


The answer is (D). 


MATHEMATICS-80 


A particle moves according to the following functions of time. 


x(t) = 3sint 
y(t) = 4cost 


What is the resultant velocity at t = 1? 


(A) 0 (B) 3 (C) 4 (D) 9 
_ | fda\? , (dy\? 
v= (ae) a) 
dx 
q 7 Beast 
dY ag 
u” 4sint 


v(t) = V9cos?t + 16sin? t 
v(m) = v (9)(—1)? + (16)(0)? 


=3 


The answer is (B). 
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MATHEMATICS-81 

Water is pouring at a varying rate into a swimming pool that is initially empty. 
After t hours, there are t + vt liters in the pool. At what rate is the water 
pouring into the pool when t = 9 h? 

(A) 1/6 L/h (B) 1/2 L/h (C) 1 L/h (D) 7/6 L/h 


Let V = volume of water in the tank in liters and Q = flow rate in 
liters per hour. 


V=t+vt 
~ dV 1 
= =] a 
@ dt tavi 
Att=9h, 
1 
Q N 
=7/6 L/h 


The answer is (D) 


MATHEMATICS-82 


If x increases uniformly at the rate of 0.001 per unit time, at what rate is the 
expression (1 + 2)? increasing when x becomes 9? 


(A) 0.001 (B) 0.003 (C) 0.3 (D) 1 
dx 
g = 9001 
f(z) = (1+) 
af 2 
q 7 3+)? 
df df dx 
dt dx dt 
= 0.003(1 + z)? 
aff 
aa (0.003)(1 + 9)? 
= 0.3 


PRO! 


m 
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MATHEMATICS-83 

A spherical balloon is filled with air at a rate of 1 m3/s. Compute the time rate 
of change of the surface area of the balloon at the instant the balloon’s volume 
is 113.1 m3. 


(A) 0.67 m?/s (B) 1.7 m?/s (C) 3.1 m?/s (D) 3.7 m?/s 
V= frr? 
A=A4nr? 

dV 2dr 

a a 
dr _(1\wv 
dt \4nr2) dt 

dA _ dA dr 

dt dr dt 

dr 

= Snr 


Solve for the radius of the balloon when the volume is 113.1 m?, and 
substitute into the equation for the rate of change of the surface area. 


= Cee) 1/3 


r=3m 


dA _ (2) wv 
d \r/ dt 


2 m? 
ia) a) 
= 0.67 m?/s 
The answer is (A). 
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MATHEMATICS-84 


Consider a strictly concave up function of one variable, x, with lower and upper 
bounds on x. At what value(s) of x will the function be minimized? 

(A) at the upper bound of z 

(B) at the lower bound of x 


(C) strictly between the upper and lower bounds of x 
(D) at any of the above 


F(x) | a i F(x) . i 
B= x* UB x LB x* UB x 


LB UB=x* x L 
(lower bound) (upper bound) 


The examples given demonstrate that, for a concave up function, 
the minimum could occur at the lower bound, the upper bound, or 
somewhere between. Option (A), (B), or (C) could be correct. 


The answer is (D). 


MATHEMATICS-85 


Consider a strictly concave down function in one variable, x, with lower and 
upper bounds on x. At what value(s) of x will the function be minimized? 


(A) at the upper bound of x 

(B) at the lower bound of x 

(C) strictly between the upper and lower bounds of x 
(D) at either the upper or lower bound of z 


F(x) F(x) 


f(x) 
Ais true 


B is true 


LB = x* UB x LB UB=x* x LB=x* UB x 
(lower bound) (upper bound) 
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The illustrations demonstrate that for a concave down curve, the min- 
imum could occur at either the lower or the upper bound. Therefore, 


option (D) is correct. 


The answer is (D). 


MATHEMATICS-86 
What is the maximum of the function y = —z° + 3a, for z > —1? 
(A) —2 (B) -1 (C) 0 (D) 2 


The maximum occurs where y’ = 0 and y” < 0 or at an endpoint. 


y = =z? + 3a 
y’ = —3r? +3 
y = -ôr 

y = 

0 = 3r? +3 
r? = 


r=+1 [+1 is also an endpoint] 
y(—1) = -(-1)* + (3)(-1) 
= —2 
y(1) = —(1)? + (3)(1) 
=2 


Therefore, 
Ymax = 2 


The answer is (D). 


MATHEMATICS-87 


The cost, C, of an item is a function of the quantity, x, of the item: C(x) = 
x? — 40002 + 50. Find the quantity for which the cost is minimum. 


(A) 1000 (B) 1500 (C) 2000 (D) 3000 
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C = z? — 40002 + 50 
© = 2z — 4000 
cC" =2 
c'=0 
2x — 4000 = 0 
x = 2000 
Cc” >0 


Thus, cost is a minimum when g = 2000. 


The answer is (C). 


MATHEMATICS-88 
Compute the following limit. 


(A) 0 (B) 1 (C) 2 (D) œ 


Divide both the numerator and denominator by x, and allow z to 
approach infinity. 


2 
lim 2+? = lim ta 
tc E—-2 s>] _ 2 
x 
_1+0 
~ 1-0 
=] 


The answer is (B). 
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MATHEMATICS-89 
Simplify the following expression. 
li z? — 16 
nany gz=4 
(A) 0 (B) 8 (C) 12 (D) 16 
Factor the numerator, and simplify the fraction before taking the 
limit. 
2] = 
ia = 16 _ lim (z A)(a + 4) 
to4 De gr=4 g—A 
= lim (x +4) 
=8 
The answer is (B). 
MATHEMATICS-90 
Compute the following limit. 
. l—cosgt 
lim z 
r=0 Zz 
(A) 0 (B) 1/4 (C) 1/2 (D) 1 


Since both the numerator and denominator approach zero, use 
L’H6pital’s rule. L’Hépital’s rule states that the derivative of the 
numerator divided by the derivative of the denominator has the same 
limit as the original fraction, provided that both the numerator and 
denominator of the original fraction approach zero. 


_ i1l-cosz . ging 
lim ——.— = lim 
a0 ge z—0 2g 


Since the numerator and denominator both approach zero, apply 
L’H6pital’s rule again. 


. l= cost cos T 
lim = | 
£0 g2 r—Û 

_ cos0 

7T 2 

= 1/2 


The answer is (C). 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


è 2 = a = * = 


1-48 1001 SOLVED ENGINEERING FUNDAMENTALS PROBLEMS 


MATHEMATICS-91 

The existence of the two equations, y’ = f(z) and y = 4(z), implies that which 
of the following equations is true? 

(A) (x) = f f(z)dz +C 

(B) o(z) = f(z) 


(D) @(2) =y 
y = $(2) 
olz) = J y'dr +C 
Since 


y = f(z) 
$(2) = / fa)de + C 


The answer is (A). 


MATHEMATICS-—92 
Fill in the blank in the following statement. 


The integral of a function between certain limits divided by the difference in 
abscissas between those limits gives the of the function. 


(A) average (B) middle (C) intercept (D) asymptote 


1 
b—a 


b 
| f(x) = the average value of the function 
a 


The answer is (A). 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


& i 


MATHEMATICS 1-49 
MATHEMATICS-—93 
Find the area under the curve y = 1/x between the limits y = 2 and y = 10. 
(A) 1.61 (B) 2.39 (C) 3.71 (D) 3.97 


The area under the curve f(z) between xı and 29, A, is given by 
T2 
A= f f(x)dx 
£i 
The z limits corresponding to the y limits are z = 1/2 and z = 1/10. 


1/2 4 
A= Í —dr 
1/10 T 


1/2 
=]nz 


1/10 
= 1.61 


The answer is (A). 


MATHEMATICS-94 


Find the area of the shaded region between y = 6z—1 and y = !/ax + 3, bounded 
by z = 0 and the intersection point. 


(A) 32/529 (B) 16/23 (C) 32/23 (D) 1440/529 
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The area between curve 1 and curve 2 is equal to the area under 
curve 1 minus the area under curve 2. The intersection point of the 
two curves is found by equating both functions. 


6r—1=łzr+3 


23 a __ 
Fr=4 


z = 16/23 


The area, A, is 
16/23 
a-[ (4x +3 -— 6r + 1)dz 
0 


616/23 
=f (2r + 4) dz 
0 


_ | Z 28.42 n aa)” 


OO 
32 6i 
23 23 


The answer is (C). 


MATHEMATICS- 95 


If it is known that y = 1 when x = 1, what is the constant of integration for the 
following integral? 


y(z) = fe - 2x) dx 


(A) C=2-e? 
(B) C=3-—e? 
(C) C=4-—e? 


1, l 
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y(z) = fia- f eax 


= de -° +C 
= 5 (e? — 22°) +C 


However, y(1) = 1. 


-lfa 2 
1=3 (e (2)(0)?) +C 

as 

= 2+C 
C=1+1- ie 

=5 (4-2) 


The answer is (D). 


MATHEMATICS—96 


It is known that y(x) passes through the points (0,2) and (1,4). Solve for y(x) 


if the second derivative is 
dy _ i 
dz? 


(A) y = (z? + 3x) +2 


(B) y= 5 (a? +32) +2 
(C) y = 5 (27-30) -2 
(D) y= 5 (2? +32) -2 


2 
Bs 
=g +C 
v= f @+0) 
= įz? + Cis + C2 
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Now solve for Cı and C} using the given conditions. 


= 5 (0) +€,(0) + C2 
meg 
4= 5(1)?+Cr(1) +2 


Cy = 3/2 
y= 92? + 32+2 


The answer is (B). 


MATHEMATICS-97 
` What is a solution of the first-order difference equation y(k + 1) = y(k) + 5? 


(A) y(k) =4- = 

(B) y(k) = C — k, where C is a constant 
ae — 5 

(C) yk) = 5+ + = 

(D) y(k) = 20 + 5k 


Assume the solution has the form 


y(k) = 20 + 5k 


Substitute the assumed solution into the difference equation. 


y(k +1) = 204 5(k +1) 
= 20+5k+5 
= y(k) +5 


The answer is (D). 
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MATHEMATICS-98 


What is the solution of the linear difference equation y(k + 1) = 15y(k)? 
15 


(A) (k) = 745% 
(B) s) = E 


(C) y(k) = C + 15%, where C is a constant 
(D) y(t) = 154 


Assume the solution has the form 
y(k) = 15" 
Substitute into the difference equation. 


y(k +1) = 15**! 
= (15) (15*) 
= 15y(k) 
Note: If y(k) = C + 15%, then y(k +1) = C + 15**1 Æ 15y(k). 


The answer is (D). 


MATHEMATICS-99 

What is the solution of the linear difference equation (k+1)y(k+1)—ky(k) = 1? 
1 

(A) yk) =12- 7 


(B) u(t) =1- 
(C) y(k) = 12 + 3k 
(D) y(k) =342 

Assume the solution has the form 


12 

=i- 

y(k) k 
PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


& = & = = 2. t 


1-54 1001 SOLVED ENGINEERING FUNDAMENTALS PROBLEMS 
Substitute the solution into the difference equation. 
(k + 1)(y(k + 1)) — k(y(k)) = 1 
mo -#(1-#) - 


k+1-12 k-12 
we (BEB) 0 (BG) a 
k4+1-12-k412=1 


l=1 


Thus, y(k) = 1 — 12/k solves the difference equation. 


The answer is (B). 


MATHEMATICS-100 
Which of the following is a differential equation of the first order? 
(A) (y")? +24' = -3 


ðQ Q 
( ) On 7 By 0 
dy 9-r 3 
(C) Tr rS 


A first-order differential equation contains only first derivatives and 
does not have partial derivatives. The only choice that fulfills this 
requirement is option (C). 


The answer is (C). 
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MATHEMATICS-101 
How can the following differential equation best be described? 


Pd = +80Ë +0 = D(t) 
H 
(A) linear, homogeneous, and first order 

(B) homogeneous and first order 

(C) linear, second order, and nonhomogeneous 
(D) linear, homogeneous, and second order 


The differential equation has a second derivative, so it is of second 
order. The forcing function is nonzero, so the equation is nonhomo- 
geneous. All of the terms on the left-hand side only have coefficients 
that are either constant or a function of the independent variable. 
Therefore the equation is also linear. 


The answer is (C). 


MATHEMATICS-102 


The differential equation given is correctly described by which of the following 
choices? 
aË d'y 


a7 M4 bay = f(z) 


(A) linear, second order, homogeneous 
(B) nonlinear, second order, homogeneous 
(C) linear, second order, nonhomogeneous 


(D) nonlinear, second order, nonhomogeneous 


Since there is a second derivative, the differential equation is of sec- 
ond order. Since the coefficient of one of the terms contains the 
dependent variable, y, the equation is nonlinear. Since the forcing 
function, f(z), is implied to be nonzero, the differential equation is 
also nonhomogeneous. 


The answer is (D). 
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Determine the solution of the following differential equation. 
y +5y=0 


(A) y=5r+C (B) y= 0e! (C) y = Ce (D) (A) or (B) 


This is a first-order linear equation with characteristic equation 
r+5=0. Therefore, the form of the solution is 


y= Oe bt 


In the preceding equation, the constant, C, could be determined from 
additional information. 


The answer is (B). 


MATHEMATICS-—104 


What is the general solution of the following differential equation? 


d*y 
qz t 4 =9 
(A) y=sinz+2tanz+C 
(B) y = e — 2e" +C 
(C) y= 22? -+C 
(D) y=sin2z + cos2z +C 


Examination of the differential equation shows that a multiple of the 
function and its second derivative must sum to zero. Sines and cosines 
have the property that their second derivatives are the negatives of 
the original natural function. 


If y = sin 2x + cos 2x, then 


y’ = 2cos 2a — 2 sin 2x 
y" = —4sin 2x — 4cos 2x 
y" + 4y = —4sin 2x — 4cos 2x + 4(sin 2x + cos 22) 


=0 


The function in option (D) solves the differential equation. 
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MATHEMATICS-—105 


In the following differential equation with the initial condition 2(0) = 12, what 
is the value of x(2)? 


(A) 3.35 x 1074 (B) 4.03x 107? (C) 3.35 (D) 6.04 


This is a first-order, linear, homogeneous differential equation with 
characteristic equation r + 4 = 0. 


az’ +42 =0 
r= roe" ** 
2(0) = ape) 
= 12 
ro = 12 
t= 12e"* 
z(2) = 12e—4)@) 
= 12e-8 
= 4.03 x 107° 


The answer is (B). 


MATHEMATICS-106 


A curve passes through the point (1,1). Determine the absolute value of the 
slope of the curve at z = 25 if the differential equation of the curve is the exact 
equation y7da + 2xydy = 0. 


(A) 1/250 (B) 1/125 (C) 1/5075 (D) 1/7125 
y’dx + 2xydy = 0 
Qeydy = —y*da 
oft _ =a 
y T 
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Integrating both sides, 


2lny = —lngz +lnC 
lny? +Inz = nC 
Ingy? = nC 
ry? =C 


Use the fact that the curve passes through the point (1,1) to solve for 
C, then determine the slope at z = 25. 


= 
ry? = 
1 
y= z 
1 
y(25) =£ 35 
= +1/5 
y’dx + 2xydy = 0 
dy _ _Y 
dz 2r 
dy) #5 
da |,—95 (2)(25) 
= +1/250 


The answer is (A). 


MATHEMATICS-107 


Determine the constant of integration for the separable differential equation 
zdz + 6yřdy = 0. It is known that x = 0 when y = 2. 


(A) 12 (B) 16 (C) 24 (D) 64 


Since this differential equation is already separated, integrate to find 
the solution. 


[ede fosy = fo 


iz? +yf =C 
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Use the initial conditions to solve for C. 


(5) (0)? + Q)°=C 


C= 64 
The answer is (D). 
MATHEMATICS-—108 
What is the Laplace transform of e~®*? 
1 1 
n B z —6+3 D 6+8 
(ay @ ©) e (D) e 


The Laplace transform of a function, £(f), can be calculated for the 
definition of a transform. However, it is easier to refer to a table of 
transforms. 


00 
L(e~*) wis f e (8+8) dt 
0 


e7 (8+6)t |° 
~ s+6 0 
_ 1 
EPET 


The answer is (A). 
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ECONOMICS 


ECONOMICS-1 


How is the capital recovery factor (A/P, i, n) related to the uniform series 
sinking fund factor (A/F, i, n)? iis the effective annual rate of return, and n is 
the number of periods. 

(A) (A/P,i,n) = (A/F,i,n) + i 

(B) (A/P, i, 2) = (A/F, i,n) = 


(C) (A/P,i,n) = (A/F) 
(D) (A/P,i,n) = Arh) +s 


By definition, 
(A/P,i,n) = (A/F in) +4 


): 


ECONOMICS-2 
What is an annuity? 


(A) the future worth of a present amount 

(B) an annual repayment of a loan 

(C) a series of uniform amounts over a period of time 
(D) a lump sum at the end of the year 


The answer is (C). 
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ECONOMICS-3 

Which of the following expressions is INCORRECT? 

t 
(P/F i n) 
(B) The future worth of an annuity, (F/A, i, n), = —~——~ 


(A) The future worth of a present amount, (F/P, i, n), = 


(C) The present worth of an annuity, (P/A, i n), = = 
(D) (A/F, ipn) -i= (A/P, i, n) 


(A/F in) +i = (A/P, in) 
Therefore, option (D) is false. 


The answer is (D). 


ECONOMICS-4 


When using net present worth calculations to compare two projects, which of 
the following could invalidate the calculation? 


(A) differences in the magnitudes of the projects 
(B) evaluating over different time periods 

(C) mutually exclusive projects 

(D) nonconventional cash flows 


Options (A), (C), and (D) are all problems with internal rate of return 
calculations that net present worth handles nicely. However, the net 
present worth of two projects must be calculated for the same time 
period. 


The answer is (B). 


ECONOMICS-5 


What is most nearly the present worth of a $100 annuity over a 10 yr period if 
the interest rate is 8%? 


(A) $450 (B) $530 (C) $670 (D) $700 
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P = A(P/A,i,n) 
= ($100)(P/A, 8%, 10) 
= ($100) (6.71) 
= $671 ($670) 


The answer is (C) 


ECONOMICS-6 


With a 12% interest rate, approximately how much money must be invested 
today in order to withdraw $1000 per year at the end of each year for 10 yr? 


(A) $4800 (B) $5650 (C) $5800 (D) $6150 


P = A(P/A,i,n) 
= ($1000)(P/A, 12%, 10) 
= ($1000) (5.650) 
= $5650 


The answer is (B). 


ECONOMICS-—7 


A machine is under consideration for purchase. The cost of the machine is 
$25,000. Each year it operates, the machine will generate a savings of $15,000. 
Given an effective annual interest rate of 18%, what is the discounted payback 
period on the purchase in the machine? 


(A) 1.67 yr (B) 1.75 yr (C) 2.15 yr (D) 3.17 yr 
P=A(P/A,i,n) 
=A i ie 
i(1 +i)” 
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Substituting, 


1+0.18)" —1 
$25,000 = ($15,000) (aint vai 


(0.3)(1.18)" = 1.18" — 1 
(0.7)(1.18)” = 1 


1 
= ln 0.7 
ln 1.18 


= 2.15 yr 


The answer is (C). 


ECONOMICS-8 


n 


What is the present worth of two $100 payments at the end of the third and 
fourth years if the annual interest rate is 8%? 


(A) $122 (B) $153 (C) $160 (D) $162 
P = A(P/A,i,n) 
= ($100) ((P/A, 8%, 4) — (P/A, 8%, 2)) 


= ($100)(3.31 — 1.78) 
= $153 


The answer is (B). 


ECONOMICS-9 

Consider a project that involves the investment of $100,000 now and $100,000 
at the end of year 1. Revenues of $150,000 will be generated at the end of years 
1 and 2. What is most nearly the net present value of this project if the effective 
annual interest rate is 10%? 


(A) $43,300 (B) $50,900 (C) $69,500 (D) $78,500 
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P = —$100,000 + ($150,000 — $100,000)(P/F, 10%, 1) + ($150,000)(P/F, 10%, 2) 
= —$100,000 + ($50,000)(0.9091) + ($150,000) (0.8264) 
= $69,415 ($69,500) 


The answer is (C). 


ECONOMICS—10 


At an annual rate of return of 8%, what is the future worth of $100 at the end 
of year 4? 


(A) $130 (B) $132 (C) $135 (D) $136 


F =A(F/A,i,n) 
= ($100)(F/P, 8%, 4) 
= ($100)(1.3605) 
= 136.05 ($136) 


The answer is (D). 


ECONOMICS-11 


A person invests $450 to be collected in 8 yr. Given that the interest rate on 
the investment is 14.5%/yr, compounded annually, most nearly what sum will 
be collected 8 yr from now? 


(A) $1050 (B) $1130 (C) $1240 (D) $1330 


F=A(F/P,i,n) 
= ($450)(F/P, 14.5%, 8) 
= ($450) (2.954) 
= $1329 ($1330) 


The answer is (D). 
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ECONOMICS-12 

An investment of x dollars is made at the end of each year for 3 yr, at an interest; 
rate of 9% per year compounded annually. What will the dollar value of the total 
investment be, most nearly, upon the deposit of the third payment? 

(A) 80.772 (B) $1.32 (C) $2.32 (D) $3.32 


F = A(F/A,i,n) 
-a (Gto"=1) 


7 
__ ((1+0.09)3 — 1 
= ( 0.09 ) 
$3.2782 ($3.32) 


ECONOMICS~13 


If $500 is invested at the end of each year for 6 yr at an effective annual interest 
rate of 7%, what is most nearly the total dollar amount available upon the deposit 
of the sixth payment? 


(A) $3000 (B) $3210 (C) $3580 (D) $4260 


F = A(F/A,i,n) 
= ($500)(F/A, 7%, 6) 
= ($500)(7.153) 
= $3577 ($3580) 


The answer is (C). 


ECONOMICS-—14 
Assuming 7 = annual rate of return, n = number of years, F = future worth, 
and P = present worth, what is the future worth of a present amount P? 


(A) P(1 +i)" (B) P14) (©) P +i) (D) P(l+n)i 
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This situation corresponds to a single payment compound amount. 
Therefore, 
F=P(i+i)" 


The answer is (A). 


ECONOMICS-15 


$1000 is deposited into a 9% account today. At the end of 2 yr, another $3000 
will be deposited. In 5 yr, a $4000 purchase will be made. Approximately how 
much will be left in the account 1 yr after the purchase? 


(A) $1230 (B) $1420 (C) $1540 (D) $1690 


year cash flow ($) 
1000 
0 
3000 
0 
0 
—4000 
0 


aahwnr © 


F = A(F/A,i,n) 
= ($1000)(F/P, 9%, 6) + ($3000)(F/P, 9%, 4) — ($4000)(F/P, 9%, 1) 
= ($1000)(1.6671) + ($3000)(1.4116) — ($4000) (1.0900) 
= $1542 ($1540) 


The answer is (C). 


ECONOMICS-16 


A student needs $4000/yr for 4 yr to attend college. Her father invested $5000 
in a 7% account for her education when she was born. If the student withdraws 
$4000 at the end of her 17th, 18th, 19th, and 20th years, how much money will 
be left in the account at the end of her 21st year? 


(A) $1700 (B) $2500 (C) $3400 (D) $4000 
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F = A(F/A,i,n) 
= ($5000)(F/P, 7%, 21) 
x (—$4000) (F/P, 7%, 4) — ($4000)(F/P, 7%, 3) 
x (—$4000)(F/P, 7%, 2) — ($4000)(F/P, 7%, 1) 
= ($5000)(4.1406) — ($4000) (1.3108) 
x (—$4000) (1.2250) — ($4000)(1.1449) 
x ($4000) (1.0700) 
= $1700 


The answer is (A). 


ECONOMICS-17 


The following schedule of funds is available to form a sinking fund. 


t=Oyr $5000 
t=1lyr $4000 
t=2yr $3000 
t=3yr $2000 
At the end of the fourth year, equipment costing $25,000 will have to be pur- 


chased as a replacement for old equipment. Money is valued at 20% by the 
company. At the time of purchase, how much money will be needed? 


(A) $820 (B) $1000 (C) $2000 (D) $8200 
First, find the future worth of the available funds. 
F = P(F/P,i,n) 


= ($5000)(F/P, 20%, 4) 
+ ($4000) (F/P, 20%, 3) + ($3000) (F/P, 20%, 2) 
+ ($2000)(F'/P, 20%, 1) 

= ($5000)(2.074) + ($4000)(1.728) + ($3000) (1.44) 
+ ($2000) (1.20) 

= $24,000 
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The additional funds needed are 


equipment cost — F = $25,000 — $24,000 
= $1000 


The answer is (B). 


ECONOMICS-18 


$10,000 is invested at the beginning of a year in a 15% security and held for 5 yr. 
During that time, the average annual inflation is 6%. Approximately how much, 
in terms of year zero dollars, will be in the account at maturity ? 


(A) $11,700 (B) $13,400 (C) $15,000 (D) $15,400 
First, find the future worth, F, without accounting for inflation. 
F = P(F/P,i,n) 
= ($10,000)(F'/P, 15%, 5) 


= ($10,000)(2.0114) 
= $20,114 


Next, figure in inflation and express F' in terms of real dollars. 
Feal = ($20,114) (P/F, 6%, 5) 
= ($20,114)(0.7473) 
= $15,030 ($15,000) 


The answer is (C). 
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ECONOMICS-19 
A firm borrows $2000 for 6 yr at 8%, to be repaid in a lump sum at the end of 
6 yr. At the end of 6 yr, the firm renews the loan for the amount due plus $2000 
more for 2 yr at 8%. What is most nearly the amount of the loan renewal? 
(A) $5280 (B) $5750 (C) $5510 (D) $6140 
F = ($2000)(F'/P, 8%, 6) + ($2000) (F'/P, 8%, 2) 
= ($2000) (1.587) + ($2000) (1.166) 
= $5506 ($5510) 


ECONOMICS-20 


A company invests $10,000 today to be repaid in 5 yr in one lump sum at 
12% compounded annually. If the rate of inflation is 3% compounded annually, 
approximately how much profit, in present day dollars, is realized over the 5 yr? 


(A) $3200 (B) $5200 (C) $5630 (D) $7620 
First, find the future worth of the investment without accounting for 
inflation. 

F = P(F/P,i,n) 
= ($10,000)(F'/P, 12%, 5) 
= ($10,000)(1.7623) 
= $17,623 


Next, find the present worth accounting for inflation. 


Freat = ($17,623)(P/F, 3%, 5) 
= ($17,623) (0.8626) 
= $15,202 

profit = $15,202 — $10,000 
= $5202 ($5200) 


The answer is (B). 
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ECONOMICS-21 
What must two investments with the same present worth and unequal lives have? 


(A) identical salvage values 
(B) different salvage values 
(C) identical equivalent uniform annual cash flows 
(D) different equivalent uniform annual cash flows 


Two investments with the same present worth and unequal lives must 
have different equivalent uniform annual cash flows. 


The answer is (D). 


ECONOMICS-—22 


The following cash-flow diagram represents an investment of $400 and a revenue 
of x at the end of years one and two. Given a discount rate of 15% compounded 
annually, what must x approximately be for this set of cash flows to have a net 
present worth of zero? 


$400 
(A) $246 (B) $255 (C) $257 (D) $281 


P =$0 = A(P/A,i,n) 
= —$400 + 2(P/A, 15%, 2) 
= —400 + 2(1.6257) 


Rearranging to solve for £, 


400 = 1.62572 
zT = $246 


The answer is (A). 
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ECONOMICS-23 


A replacement electric motor is being considered for purchase. It is capable of 
providing 200 hp. The pertinent data are as follows. 


cost $3200 
electrical efficiency 0.85 
maintenance cost per year $50 
life expectancy 14 yr 
salvage value after 14 yr $0 


The motor is used for 400 h/yr and the cost of electricity is $0.04/kW-h. (1 hp 


rate of 10%? 
(A) $2920 (B) $3250 (C) $3290 (D) $3610 
The capital recovery factor for 10% and 14 yr is 0.1357. 
A= P(A/P,i,n) + annual maintenance cost 


+ annual operating cost 
annual cost = ($3200)(0.1357) + $50 


h $ kW 


0.85 
= $3293 ($3290) 


The answer is (C). 


ECONOMICS~24 


What annuity over a 10 yr period at 8% interest is most nearly equivalent to a 
present worth of $100? 


(A) $12.50 (B) $13.80 (C) $14.10 (D) $14.90 


A= P(A/P,i,n) 
= ($100)(A/P, 8%, 10) 
= ($100)(0.149) 
= $14.90 


The answer is (D). 
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ECONOMICS-25 


Mr. Richardson borrowed $15,000 two years ago. The repayment terms of the 
joan are 10% interest for 10 yr and uniform annual payments. He just made his 
second payment. How much principal, most nearly, does he still owe? 


(A) $10,100 (B) $11,700 (C) $12,000 (D) $13,000 
The annual payments, A, are 


A= P(A/P,i,n) 
= ($15,000)(A/P, 10%, 10) 


= ($15,000)(0.1627) 
= $2441 
amount interest 
year owed ($) owed ($) payment ($) balance ($) 
1 15,000 + 1500 — 2441 = $14,059 
2 14,059 + 1406 — 2441 = $13,024 


Thus, Mr. Richardson still owes $13,024 ($13,000) on the principal. 


The answer is (D). 


ECONOMICS-26 


Given that the discount rate is 15%, what is the equivalent uniform annual cash 
flow for the following stream of cash flows? 


year 0 —$100, 000 
year 1 —$200, 000 
year 2  —$50,000 
year 3 —$75, 000 


(A) —$158,100 (B) —$124,200 (C) —$106,250 (D) —$90,260 
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EUAC = (A/P,i,n)P 


(A/P,i,n) (> F(P/F,i,n)) 
= (A/P, 15%, 3) ( — $100,000 — $200,000)(P/F, 15%, 1) 
— ($50,000( P/F, 15%, 2) — ($75,000) (P/F, 15%, 3)) 
= 0.4380(— $100,000 — ($200,000) (0.8696) 
— ($50,000) (0.7561) — ($75,000) (0.6575) 
= (0.4380)(—$361,000) 
= —$158,100 


The answer is (A). 


ECONOMICS-—27 


A company must relocate one of its factories in 3 yr. Equipment for the loading 
dock is being considered for purchase. The original cost is $20,000, and the 
salvage value after 3 yr is $8000. The company’s rate of return on money invested 
is 10%. The capital recovery rate per year is most nearly 


(A) $4810/yr (B) $4950/yr (C) $5120/yr (D) $5630/yr 


CR = P(A/P,i,n) — F(A/F,i,n) 
= ($20,000)(A/P, 10%, 3) — ($8000)(A/F, 10%, 3) 
= ($20,000)(0.4021) — ($8000) (0.3021) 
= $5625/yr 


The answer is (D). 


ECONOMICS—28 


In 5 yr, $18,000 will be needed to pay for a building renovation. In order to gen- 
erate this sum, a sinking fund consisting of three annual payments is established 
now. No further payments will be made after the third year. What payments 


(A) $2670 (B) $2870 (C) $3920 (D) $5100 
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The present worth of $18,000 at the end of the third year is 
P3 = F5(P/F,i,n) 
= ($18,000) (P/F, 15%, 2) 
= ($18,000)(0.7561) 
= $13,610 


are necessary are 
A=P(A/P,i,n) 
= ($13,610)(A/F, 15%, 3) 
= ($13,610) (0.2880) 
= $3920 


The answer is (C). 


ECONOMICS-—29 


Mr. Johnson borrows $100,000 at 10% effective annual interest. He must pay 
back the loan over 30 yr with uniform monthly payments due on the first day of 
each month. Approximately what amount does Mr. Johnson pay each month? 


(A) $840 (B) $850 (C) $870 (D) $880 


An effective annual interest rate of 10% is equivalent to an effective 
monthly rate of 


(1+4)!?—~1=0.1 
i = (1.1) — 1 = 0.007974 (0.7974%/mo) 


The number of months that Mr. Johnson has to pay off his loan is 


: mo 
n = (30 yr) (2 =) 
= 360 mo 
end of month payment = P(A/P,i n) 
= ($100,000) (A/P, 0.7974%, 360) 


(0.007974) (1 + 0.007974)9 
(1 + 0.007974)360 — 1 


= ($100,000) ( 
= $846 
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beginning of month payment = F'(P/F,i,n) = ($846) (P/F, 0.7974%, 1) 
= ($846)(1 + 0.007974)~? 
= $839 ($840) 


The answer is (A). 


ECONOMICS—30 
What is the formula for a straight-line depreciation rate? 


(A) 100% — % net salvage value 
estimated service life 
(B) % net salvage value 
estimated service life 
100% net salvage value 
(©) estimated service life 
(D) average net salvage value 


estimated service life 


100% — % net salvage value 


straight-line depreciation rate = - r 
estimated service life 


The answer is (A). 


ECONOMICS-31 


What is the book value of equipment purchased 3 yr ago for $15,000 if it is 
depreciated using the sum of years’ digits (SOYD) method? The expected life 
is 5 yr. 


(A) $3000 (B) $4000 (C) $6000 (D) $9000 
In the SOYD method, the digits corresponding to n, the number of 
years of estimated life, are added. The total sum of years’ digits, Ł, is 
he n(n + 1) 


me 

_ yr)(5 yr + 1) 
2 

= 15 yr 
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The depreciation charge for the first year is 


b= (2)? 


= ( ans ) ($15,000) 


15 yr 
= $5000 


The depreciation charge for year two is 


—1 
D= (2 P 


_ (Ayr 
= ($ =) ($15,000) 


= $4000 


For year 3, the depreciation charge is 


D; = C=) 


_f{ syr 
= (5 z) ($15,000) 


= $3000 


The total depreciation is 


Diotai = Di + D2 + D3 
= $5000 + $4000 + $3000 
= $12,000 


The book value is 


BV =P— Drotal 
= $15,000 — $12,000 
= $3000 


The answer is (A). 
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ECONOMICS-—32 


The purchase of a motor for $6000 and a generator for $4000 will allow a company 
| to produce its own energy. The configuration can be assembled for $500. The 
| service will operate for 1600 h/yr for 10 yr. The maintenance cost is $300/yr, 
| and the cost to operate is $0.85/h for fuel and related costs. There is $400 in 
salvage value for the system at the end of 10 yr. Using straight-line depreciation, 
what is the annual cost for the operation? 


(A) $2480/yr (B) $2630/yr (C) $2670/yr (D) $2710/yr 


total initial cost = $6000 + $4000 + $500 
= $10,500 
total initial cost — salvage value 
t 
_ $10,500 — $400 
E 10 yr 
= $1010/yr 


| operation cost = (08s 3 (1000 =) 
h yr 
= $1360/yr 


annual cost = straight-line depreciation + maintenance cost 


straight-line depreciation = 


+ operation cost 
= $1010 + $300 + $1360 
= $2670/yr 


The answer is (C). 


ECONOMICS-33 


| 
{ 
Company A purchases $200,000 of equipment in year 0. It decides to use straight- 
line depreciation over the expected 20 yr life of the equipment. The interest rate 
l is 14%. If its overall tax rate is 40%, what is the present worth of the after-tax 
| depreciation recovery? 


(A) $23,500 (B) $24,000 (C) $26,500 (D) $39,700 
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P 1: ar ment cost 
straight-line depreciation = __ Squipment cost 
equipment life expectancy 


$200,000 
20 yr 
= $10, 000/yr write off 
P = A(P/A,i,n)(tax rate) 
= ($10,000) (P/A, 14%, 20) (tax rate) 
= ($10,000) (6.623) (0.40) 
= $26,500 


The answer is (C). 


ECONOMICS-—34 


Which of the following is true regarding the minimum attractive rate of return 
used in judging proposed investments? 
(A) It is the same for every organization. 


(B) It is larger than the interest rate used to discount expected cash flow from 
investments. 


(C) It is frequently a policy decision made by an organization’s management. 
(D) It is not relevant in engineering economy studies. 


The answer is (C). 


ECONOMICS-35 


What is most nearly the effective annual interest rate on a loan if the nominal 
interest rate is 12%/yr compounded quarterly? 


(A) 11.8% (B) 12.0% (C) 12.3% (D) 12.6% 


The effective interest rate, 7, is 
(a + =\" - 
e B + 0. my -1 


= 0.1255 (12.55%) 
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In the preceding equation, r is the nominal interest rate and m is the 
number of times the nominal interest rate is compounded per year. 


(D). 


ECONOMICS-—36 


A person pays interest on a loan semiannually at a nominal annual interest rate 
of 16%. What is most nearly the effective annual interest rate? 


(A) 15.5% (B) 15.7% (C) 16.4% (D) 16.6% 


The effective interest rate, i, is 


0.16\? 

=I{l paced = 
( +H ) 1 
= 0.1664 (16.64%) 


In the preceding equation, r is the nominal interest rate and m is the 
number of times the nominal interest rate is compounded per year. 


The answer is (D). 


ECONOMICS-37 
Which of the following statements is NOT correct? 


(A) A nominal rate of 12% per annum compounded quarterly is the same as 
12%/4 = 3%/quarter. 


(B) $1 compounded quarterly at 3% for n yr has a future value of (1.03)*”. 


(C) Compounding quarterly at a nominal rate of 12%/yr is equivalent to com- 
pounding annually at a rate of 12.55%. 


(D) Effective rate of return in options (A), (B), and (C) is the difference between 
12.55% and 12%. 


The statements given in options (A), (B), and (C) are correct. Only 


The answer is (D). 
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ECONOMICS-38 


A bank is advertising 9.5% accounts that yield 9.84% annually. How often is the 
interest compounded? 


(A) daily (B) monthly (C) bimonthly (D) quarterly 


The formula for effective interest rate, i, is 


i= (14 2)" -1 


Substituting for 2, 


aey mM 
0.0984 = (1 + a) =] 
m 


In the preceding equation, r is the nominal interest rate and m is the 
number of times interest is compounded per year. 


Solve for m algebraically, or by trial and error using the five choices. 
The solution is m = 4. 


The answer is (D). 


ECONOMICS-—39 


A firm is considering renting a trailer at $300/mo. The unit is needed for 5 yr. 
The leasing company offers a lump sum payment of $24,000 at the end of 5 yr 
as an alternative payment plan, but is willing to discount this figure. The firm 
places a value of 10% (effective annual rate) on invested capital. How large 
should the discount be in order to be acceptable as an equivalent? 


(A) $750 (B) $820 (C) $980 (D) $1030 
For a 10% effective rate per year, the effective monthly rate, 7, is 


0.1 = (1 +4)? — 1 
i = 0.007974/mo 


At $300/mo for 5 yr, 


F = A(P/A,i,n) 
= ($300)(F/A, 0.7974%, 60) 
= ($300)(76.561) 
= $22,970 
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discount = $24,000 = F 
= $24,000 — $22,970 
= $1030 


The answer is (D). 


ECONOMICS-40 

Consider a deposit of $1000, to be paid back in 1 yr by $975. What are the 
conditions on the rate of interest, 7, in %/yr compounded annually, such that 
the net present worth of the investment is positive? Assume i > 0%. 

(A) 0% < i < 50% 

(B) 0% <i < 90% 

(C) 12.5% <i < 100% 

(D) There are no conditions on i that will make this possible. 


Set: P = 0 = F(P/F,i,n) 
= —$1000 + ($975)(P/F, é, 1) 


= —$1000 + ($975) (=) 


i = —0.0256 
Therefore, there is no solution such that i > 0%, and P > 0. 


The answer is (D). 


ECONOMICS-41 

Consider a deposit of $600, to be paid back in 1 yr by $700. What are the 
conditions on the rate of interest, i, in %/yr compounded annually, such that 
the net present worth of the investment is positive? Assume i > 0%. 

(A) 12.5% < i < 14.3% 

(B) 0% < i < 14.3% 

(C) 0% < i < 16.7% 

(D) 16.7% < i < 100% 
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Set : P > 0 > F(P/F in) 
> (—$600 + $700)(P/F, i, 1) 
K 1 

> (—$600 + $700) (Sh) 
: SEF 
i< 0.167 (16.7%) 

Thus, for P > $0, 0% <i < 16.7%. 


The answer is (C). 


ECONOMICS-42 


A company has $100,000 to spend on the various projects listed. Using these 
projects only, what should this company consider its minimum attractive rate of 
return to be? 


project investment required ($) expected return (7%) 
14 


A 10,000 
B 25,000 10 
c 50,000 12 
D 40,000 16 
E 25,000 11 
F 30,000 10 
G 20,000 12 
(A) 10% (B) 11% (C) 12% (D) 14% 


The highest-return projects should be chosen until all of the com- 
pany’s money is spent. 


project investment ($) return (%) cumulative investment ($) 


D 40,000 16 40,000 
A 10,000 14 50,000 
C 50,000 12 100,000 


The minimum attractive rate of return is 12%, the return on 
project C. 


The answer is (C). 
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ECONOMICS-43 

What is most nearly the internal rate of return on the following cash flow? 
t=0yr spend $100,000 

t=1 yr spend $50,000 


t=2 yr receive $100,000 
t=3yr receive $103,000 


(A) 15.0% (B) 17.5% (C) 18.2% (D) 20.0% 


The IRR is the interest rate which makes the present worth of the 
cash flow zero. It must be found by trial and error using the answer 
choices provided. 


IRR = 0 = F(P/F,i,n) = (—$100,000 — $50,000)(P/F, i, 1) 
+ ($100,000) (P/F, i, 2) + ($103,000) (P/F, i, 3) 


For an interest rate of 15%, the equation for the present worth of the 
cash flow is 


P = —$100,000 — ($50,000)(0.8696) 
+ ($100,000) (0.7561) + ($103,000) (0.6575) 
= —$100,000 — $43,480 + $75,610 + $67,772 
= —$98 (A 0) 


The IRR is approximately 15%. 


The answer is (A). 


ECONOMICS-—44 

Which of the following situations has a conventional cash flow so that an internal 
rate of return can be safely calculated and used? 

(A) You purchase a house and pay the bank in monthly installments. 

(B) ‘You lease a car and pay by the month. 


(C) Your company undertakes a mining project in which the land must be 
reclaimed at the end of the project. 


(D) You invest in a safe dividend stock and receive dividends each year. 
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The situation in option (D) has a negative cash flow, one sign change, 
then a positive cash flow. Thus, it is the only situation that has a 
conventional cash flow so that an IRR can be safely calculated and 
used. 


The answer is (D). 


ECONOMICS-—45 


A project has the cash flow shown. Theoretically, how many internal rates of 
return can be calculated for it? 


(A) 2 (B) 3 (C) 4 (D) 5 


There are five places in the cash flow where there are sign changes. 
Thus, theoretically, five internal rates of return could be calculated 
for it. 


The answer is (D). 


ECONOMICS-46 


An investment of $350,000 is made, to be followed by revenue of $200,000 each 
year for three years. What is most nearly the annual rate of return on investment 
for this project? 


(A) 15% (B) 33% (C) 42% (D) 57% 
The formula for annual payment, A, is 


A= P(A/P,i,n) 
$200,000 = $350,000(A/P, i, 3) 
$200,000 
$350,000 
= 0.57143 


(A/P, i, 3) = 
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Interpolating from the tables, 


i (%) (A/P, i, 3) 


30 0.55063 
32.66 0.57143 
35 0.58966 


Thus, the IRR is approximately 33%. 


The answer is (B). 


ECONOMICS-47 


A steel drum manufacturer incurs a yearly fixed operating cost of $200,000. 
Each drum manufactured costs $160 to produce and sells for $200. What is the 
manufacturer’s break-even sales volume in drums per year? 


(A) 1000 (B) 1250 (C) 2500 (D) 5000 
Given that x is the number of drums sold per year, the cash flow per 
year is 

operating cost —$200,000 
manufacturing cost —$160z 
sales $200x 


In order to break even, total cash flow must be zero. 


operating cost + manufacturing cost + sales = 0 
—$200, 000 — $160z + $200x = 0 
$40x = $200,000 
x = 5000 
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ECONOMICS—48 


XYZ Corporation manufactures bookcases that it sells for $65 each. It costs XYZ 
$35,000/yr to operate its plant. This sum includes rent, depreciation charges on 
equipment, and salary payments. If the cost to produce one bookcase is $50, 
how many bookcases must be sold each year for XYZ to avoid taking a loss? 
(A) 539 bookcases/yr (B) 750 bookcases/yr 

(C) 2333 bookcases/yr (D) 2334 bookcases/yr 


Determine the quantity of bookcases sold, Q. 


$35,000 


yr 
$65 $50 


bookcase bookcase 
= 2333.3 bookcases/yr 


In the preceding equation, f is the fixed cost, p is the fixed revenue, 
and a is the incremental cost. 


Therefore, XYZ must sell 2334 bookcases/yr to avoid taking a loss. 


The answer is (D). 


ECONOMICS—49 


A manufacturing firm maintains one assembly line to produce signal generators. 
Weekly demand for the generators is 35 units, and the line operates for 7 h/d, 
5 d/wk. What is the maximum production time per unit required of the line in 
order to meet demand? 


(A) 0.750h/unit (B) 1.00 h/unit (C) 2.25 h/unit (D) 5.00 h/unit 
The maximum production time per unit, t, can be derived from 


weekly demand = t(operating hours per day)(operating days per week) 


1 wk ag ld 1 wk 
35 units \7h 5d 
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Rearranging to solve for t, 


ld 1 wk units 
‘= (75) (ea) (Sr) 


= 1.00 h/unit 


The answer is (B). 


ECONOMICS-—50 


In determining the cost involved in fabricating subassembly B within XYZ Cor- 
poration, the following data have been gathered. 


XYZ’s costs of manufacturing subassembly B 


item cost 
direct material $0.30/unit 
direct labor $0.50/unit 
tooling setup $300/setup 


It is decided to subcontract the manufacturing of subassembly B to an outside 
company. For an order of 100 units, which one of the following unit price bids 
from outside companies is unacceptable to XYZ Corporation? 


(A) $3.50/unit (B) $3.65/unit (C) $3.75 /unit (D) $4.10/unit 
For 100 units, 


cost per unit = sas a Oost + direct material cost + direct labor cost 
no. of units 
$300 
_ setup $0.30 $0.50 
~ 100 units unit unit 


= $3.80/unit 


Thus, a bid of $4.10 is unacceptable. 
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ECONOMICS-51 


The economic order quantity (EOQ) is defined as the order quantity that min- 
imizes the inventory cost per unit time. Which of the following is NOT an 
assumption of the basic EOQ model with no shortages? 

(A) The demand rate is uniform and constant. 

(B) There is a positive cost on each unit inventoried. 

(C) The entire reorder quantity is delivered instantaneously. 

(D) There is an upper bound on the quantity ordered. 


ae 2aK 
EOQ = ./—— 
Q h 
In the preceding equation, a is the constant depletion rate (items 
per unit time), K is the fixed cost per order in dollars, and h is the 
inventory storage cost (dollars per item per unit time). 


Thus, there is no upper bound on the quantity ordered. 


The answer is (D). 


ECONOMICS-52 


Which of the following events will cause the optimal lot size, given by the classic 
EOQ model with no shortages, to increase? 


(A) a decrease in inventory carrying cost 
(B) a decrease in demand 

(C) an increase in demand 

(D) either option (A) or (C) 


2ak 
EOQ = 4/ —— 

Q h 
In the preceding equation, a is the constant depletion rate (items 
per unit time), K is the fixed cost per order in dollars, and h is the 
inventory storage cost (dollars per item per unit time). 


Thus, a decrease in inventory carrying cost, h, or an increase in de- 
mand, a, will cause the optimal lot size to increase. 


The answer is (D). 
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ECONOMICS-53 
a demand of 200/mo. The production setup cost for each batch of rackets is 
$300. In addition, the inventory carrying cost for each racket is $24/yr. Using 
the EOQ model, which is most nearly the best production batch size for the 
rackets? 
(A) 120 units (B) 170 units (C) 250 units (D) 350 units 
- 20K 
EOQ = 4/2 


rackets ($300) 


(2) (200 = 


= 244.9 units (250 units) 


The answer is (C). 


ECONOMICS-54 


For what range of discount rates is project 2 the most attractive project? 


project 1 


project 2 


project 3 aN 


net present value 


(8) A B Cc D E 
discount rate 
(A) OA (B) OD (C) AC (D) AD 


Project 2 has the highest net present worth over the range AC. 


The answer is (C). 
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ECONOMICS-55 


The internal rate of return of a project that involves an initial investment 
with subsequent positive cash flows is 18%. Five companies are considering 
the project. Given the following respective minimum attractive rates of return 
(MARR), which company will be most likely to accept the project? 
company MARR (%) 

12 

15 

18 

19 


paw 


(A) company A (B) company B (C) company C (D) company D 


The project is good for companies A, B, and C. However, it is the 
best for company A. 


The answer is (A). 


ECONOMICS-—56 


Two mutually exclusive projects are being considered. Project A requires an 
investment of $1,000,000 at year zero. Project A will pay $200,000/yr forever. 
Project B also requires an investment of $1,000,000 at year zero. However, it 
pays $1,500,000 the next year, and nothing after that. The internal rate of return 
(IRR) on project A is 20%. The IRR for project B is 50%. Which is the better 
project? The borrowing rate is 5%. 


(A) Project A, because it has a lower IRR. 

(B) Project B, because it has a higher IRR. 

(C) The two projects are equivalent. 

(D) Project A, because its net present worth is higher. 


The use of IRR breaks down for mutually exclusive projects. There- 
fore, consider the net present worth, P, of each project. The net 
present worth of project A is 


Pa = A(P/A,i,n) 
= —$1,000,000 + ($200,000)(P/A, 5%, n approaches oo) 


Il 


: 1.05" — 1 


= —$1,000,000 + ($200,000)(20) 
= $3,000,000 
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The net present worth of project B is 


Pg = —$1,000,000 + ($1,500,000)(P/F, 5%, 1) 
= —$1,000,000 + ($1,500,000)(0.9524) 


= $428,600 


Since the net present worth of project A is higher, the company should 
choose project A. 


ECONOMICS-57 
Which plan is the least expensive way to purchase plant maintenance equipment? 
The discount rate is 11%. 


plan A: $50,000 down, equal payments of 
$25,115.12 for 20 yr 

plan B: nothing down, equal payments of 
$31,393.91 for 20 yr 


plan C: $100,00 down, equal payments of 
$21,975.74 for 20 yr 


(A) plan A (B) plan B (C) plan C (D) plan A or B 
plan A 
P = A(P/A,i,n) = $50,000 + ($25,115.12)(P/A, 11%, 20) 
= $250,000 
plan B 
P = ($31,393.91)(P/A, 11%, 20) 
= $250,000 
plan C 
P = $100,000 + ($21,975.74) (P/A, 11%, 20) 
= $275,000 


Thus, plan C is the most expensive and plans A and B are equivalent. 
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ECONOMICS-58 


The volatility, 8, of a stock is found to be 1.5 times the stock market average. If 
the risk premium for buying stocks averages 8.3% and the present treasury bill 
rate (assumed to be risk free) is 7%, what is most nearly the expected return 
(ER) on the stock? 


(A) 12.5% (B) 15.3% (C) 18.9% (D) 19.5% 


ER = risk-free rate + G(market premium) 
= 7% + (1.5)(8.3%) 
= 19.45% (19.5%) 


The answer is 31D), 


ECONOMICS-59 


What is a borrower of a particular loan almost always required to do during 
repayment? 


(A) pay exactly the same amount of interest each payment 
(B) repay the loan over an agreed-upon amount of time 

(C) pay exactly the same amount of principal each payment 
(D) both options (A) and (C) 


The answer is (B). 


ECONOMICS-60 
What is “work in process” classified as? 


(A) an asset (B) a liability (C) an expense (D) a revenue 


Work in process is included in the working fund investments. The 
working fund investments is an asset not subject to depreciation. 


The answer is (A). 
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ECONOMICS-61 


What is the indirect product cost (IPC) spending variance? 

(A) the difference between actual IPC and IPC absorbed 

(B) the difference between actual IPC and IPC volume-adjusted budget 

. (C) the IPC volume-adjusted budget (fixed + (volume) (variable IPC rate)) 
(D) the IPC volume-adjusted budget minus the total IPC absorbed 


The IPC spending variance is the difference between actual IPC and 
IPC volume-adjusted budget. 


The answer is (B). 


ECONOMICS-62 


Firm A uses full absorption costing while firm B uses variable product costing. 
How will the financial statements of these companies differ? 


(A) Firm A has a higher cost of goods sold and, therefore, a smaller profit. 


(B) Firm A has a higher cost of goods sold, higher inventory value, and higher 
retained earnings. 


(C) Firm A has a smaller cost of goods sold and a larger profit. 


(D) Firm A has a smaller cost of goods sold, no change in inventory value, and 
no change in retained earnings. 


Full absorption costing includes all direct and indirect, fixed and vari- 
able production costs. Variable product costing leaves fixed costs for 
the expense accounts. Therefore, the cost of goods sold is less under 
variable costing. Inventory value (an asset) is higher under full ab- 
sorption. Since assets equal liabilities plus owner’s equity, the owner’s 
equity (retained earnings) must increase as the assets have. 
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ECONOMICS-63 

How is the material purchase price variance defined? 

(A) (quantity purchased)(actual price) 
— (quantity purchased) (standard price) 

(B) (quantity issued — standard quantity)(standard price) 

(C) (actual price — standard price)(quantity used) 

(D) (quantity purchased — quantity used) (actual price) 
The definition of material purchase price variance is given in 
option (A). 


Note: Option (B) is the material usage variance. 


The answer is (A). 


ECONOMICS-64 
Which of the following does NOT affect owner’s equity? 


(A) dividends paid 

(B) license to start operation 

(C) invested capital 

(D) expense to get license to start operation 


The license to start business is a company asset, not a part of owner’s 
equity. 


The answer is (B). 


ECONOMICS-65 


Higrow Company is planning to grow 30% during the next fiscal year. What has 
to increase if Higrow is to achieve their goal? 


(A) the ratio of sales to total assets 

(B) the ratio of total assets to equity 

(C) equity 

(D) any combination of (A), (B), and (C) 


sales = | ————__ - 
total assets equity 


sales total assets . 
oral asset) (equity) 
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Sales can grow only if at least one of the three terms on the right 
hand side of the equation grows. 


The answer is (D). 


ECONOMICS-—66 


Tops Corporation’s gross margin is 45% of sales. Operating expenses such as 
sales and administration are 15% of sales. Tops is in a 40% tax bracket. What 
percent of sales is their profit after taxes? 


(A) 0.0% (B) 5.0% (C) 18% (D) 24% 


before tax profit = gross margin — sales and administrative costs 
= 45% — 15% 
= 30% 
after tax profit = (1 — tax bracket)(before tax profit) 
= (1 — 0.40)(30%) 
= 18% 


The answer is (C). 


ECONOMICS-—67 


Z Corporation is applying for a short-term loan. In reviewing Z Corporation’s 
financial records, the banker finds a current ratio of 2.0, an acid test ratio of 0.5, 
and an accounts receivable period of 70 d. What should the banker do? 


(A) be concerned that Z Corporation will be unable to meet the payments 
(B) suggest that Z Corporation lower its inventories 


(C) suggest that Z Corporation be more aggressive in collecting on its invoices 
(D) both options (B) and (C) 


Z Corporation has invested heavily in inventory and accounts receiv- 
able. If it could change its accounts receivable collection period to 
between 30 and 60 days and invest less in inventory, the company 
would probably not need the loan. 


The answer is (D). 
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ECONOMICS-68 


inflationary environment? 


(A) 
(B) 
(C) 


(D) 


Company A’s profits will be higher and the book value of their inventory 
will be higher than for company B. 

Company A’s profits will be higher and the book value of their inventory 
will be lower than for company B. 

Company B’s profits and inventory book value will be higher than for 
company A. 

Company B’s profits will be higher than A’s, but inventory book value will 
be lower. 


Last-in, first-out (LIFO) puts a higher value on the inventory that 
went into the cost of goods sold. Thus, the gross margin is lowered 
and profits are lowered. The remaining inventory is still valued at old 
prices, so its value is also low. 


The answer is (C). 


ECONOMICS-69 
What is the acid test ratio? 


(A) 


(B) 
(C) 
(D) 


il 


the ratio of owner’s equity to total current liabilities 

the ratio of all assets to total liabilities 

the ratio of current assets (exclusive of inventory) to total current liabilities 
the ratio of gross margin to operating, sales, and administrative expenses 


The answer is (C). 
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ECONOMICS—70 


The balance sheet of Allied Company is as follows. 


assets 

cash $10,000 
receivables $12,000 
inventory $7,000 
capital equipment _$20,000 
total $49,000 


(A) 0.39 (B) 0.59 


acid test ratio = 


liabilities 
payables 

notes due 

long term debt 
owner’s equity 
total 


(C) 0.85 


$10,000 + $12,000 


~ $17,000 + $6000 + $3000 


= 0.846 (0.85) 


The answer is (C). 
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$17,000 
$6,000 
$3,000 
-$23,000 
$49,000 


(D) 1.1 


cash + accounts receivable 
total liabilities 


isenana 


SYSTEMS OF UNITS 


An iron block weighs 5 N and has a volume of 200 cm3. What is most nearly 
the density of the block? 


(A) 875 kg/m? (B) 988 kg/m? (C) 1250 kg/m? (D) 2550 kg/m? 


m 


V 


p 
W = mg 


__5N 
-m 
981 5 


= 0.51 kg 
_ 0.51 kg 
P = 500 cm? 
= 0.00255 kg/cm? (2550 kg/m?) 


The answer is 


(D). 


UNITS-2 

If the density of a gas is 0.003 slugs/ft?, what is most nearly the specific weight 
of the gas? 

(A) 9.0 N/m? (B) 15 N/m? (C) 76 N/m? (D) 98 N/m? 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


$ % s = 5 p 


3-2 1001 SOLVED ENGINEERING FUNDAMENTALS PROBLEMS 
The specific weight, y, is defined as follows. 


Y= pg 


_ slug "fune e y 
= (0.003 za) (322 2) (1459 3) (asa) 


= 15.2 kg/s?™m? (15 N/m?) 


UNITS-3 
The specific gravity of mercury relative to water is 13.55. What is most nearly 
the specific weight of mercury? (The specific weight of water is 62.4 lbf/ft*.) 


(A) 82.3 kN/mè (B) 102kN/m? (C) 133 KN/m? (D) 151 kN/m? 


The specific weight, y, is 
Y= pg 


The specific gravity, SG, of mercury is the ratio of the density (or 
unit weight) of mercury to the density (or unit weight) of water. 


SG = Pmercury = “Ymercury = 13.55 


Pwater Ywater 


Rearranging, 


Ymercury = 13.5őYwater 


lbf N if)" 
= (18.55) (624 RT) (4. mE) (amaa) 


= 132.9 kN/m? (133 kN/m?) 


UNITS-4 


If the specific weight of a liquid is 58.5 Ibf/ft?, what is most nearly the specific 
volume of the liquid? 
(A) 0.532 cm?/g (B) 0.675 cem3/g (C) 0.950 em?/g (D) 1.07 cm/g 
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The specific weight, ~y, is 


lbf N 1ft \° 
y= (58.5 =) (s iz) (cara = =) 
= 9191.2 N/m? 
9191.2 GA 
a m3 
p= -= —m 
g 9.81 = 
§' 


= 936.9 kg/m? 


The specific volume, v, is 


1 
v== 
p 
= 1 cm\? f ikg 
= kg (100 x. (ae) 
T m? 
= 1.0673 cm?/g (1.07 cm/g) 
The answer is (D). 
UNITS-5 
Which of the following are NOT units of pressure? 
(A) kPa (B) N/cm? (C) bars (D) kg/m? 


All of the above are units of pressure (force over area) except for 
option (D), which has units of mass over area. 


The answer is (D). 


UNITS-6 


A cylinder weighs 150 Ibf. Its cross-sectional area is 40 in?. When the cylinder 
stands vertically on one end, approximately what pressure does the cylinder 
exert on the floor? 


(A) 14kPa (B) 26 kPa (C) 63 kPa (D) 90 kPa 
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The pressure, p, is 


P=7 


150 lbf N lin \? em\? / 1kPa 
~ (F a) («44s ia) (z5 =| (100 a) (a 5) 


= 25.9 kPa (26 kPa) 


The answer is (B). 


UNITS-7 
A column of water 100 cm high is most nearly equivalent to what pressure? 


(A) 9800 dyne/cm? (B) 9800 Pa 
(C) 0.10 bar (D) 0.10 atm 


p=yh 
Y = pg 
p = pgh 


E kg m lm 
= (1000 =) (9.81 3) (100 cm) (oan) 


= 9810 kg/m-s? (9800 N/m? or 9800 Pa) 


The answer is (B). 


UNITS-8 


What is most nearly the direct compressive stress on a circular rod 10 in in 
diameter when a force of 10 N acts on one end? 


(A) 0.050 kPa (B) 0.10 kPa (C) 0.15 kPa (D) 0.20 kPa 
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A =r? 
cm lm 2 
= i 54 — — 
T G i) (2.54 in ) (a 2)) 
= 0.0507 m? 


Determine the stress, o. 


A 
10 N 

0.0507 m? 

= 197 N/m? (0.20 kPa) 


The answer is (D). 


UNITS-9 


Water is flowing at a velocity of 5 m/s in a pipe with a radius of 10 in. At the 
temperature in the pipe, the density and viscosity of the water are as follows. 


p = 997.9 kg/m” 
u= 1.131 Pas 


What is most nearly the Reynolds number for this situation? 
(A) 441 (B) 882 (C) 1140 (D) 2240 


x m 
D = 2r = (2)(10 in) (0.0254 =) 
= 0.508 m 
v=5 m/s 
u = 1.131 Pas (1.131 kg/m-s) 
_ wD 


Re = 
998 E (5 =) (0.508 m) 
m3 s a 
kg 


m:s 


1.131 
2241 (2240) 


The answer is (D). 
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UNITS-—10 


What is most nearly the volumetric flow rate through a pipe 4 in in diameter 
carrying water at a velocity of 11 ft/sec? 


(A) 595 cm/s (B) 726 cm/s (C) 993 cm?/s (D) 27 200 cm/s 


A=mrr 
(EE 
2 12 in 
= 0.0872 ft? 
Q=vA 


_ ft 2 in\? em) 3 
= (u =) (0.0872 ft?) (22 2) (2.54 =) 


= 27 155.9 cm/s (27200 cm/s) 


The answer is (D). 


UNITS-11 


How long must a current of 5.0 A pass through a 10 Q resistor until a charge of 
1200 C passes through the resistor? 


(A) 1 min (B) 2 min (C) 3 min (D) 4 min 
I= charge 
t 
ie 1200 C\ /1 min 
~ \5.0 A / \60 sec 
=4 min 


The answer is (D). 


UNITS-12 


A car moving at 70 km/h has a mass of 1700 kg. The force necessary to decelerate 
it at a rate of 40 cm/s? is most nearly 


(A) 0.680 N (B) 42.5 N (C) 680 N (D) 4250 N 
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Use Newton’s second law. 


F=ma 
cm lm ` 
a= (0 F) (a) 
= 0.4 m/s” 


F = (1700 kg) (0.4 5) 


= 680 kg-m/s? (680 N) 


The answer is (C). 


UNITS-13 


100 mL of water in a plastic bag of negligible mass is to be catapulted upward 
with an initial acceleration of 20.0 m/s”. What initial force is necessary to do 
this? 


(A) 2.0 N (B) 3.0 N (C) 15N (D) 2.0 kN 
Use Newton’s second law. 100 mL is the same volume as 100 cm?. 


F — mg = ma 


F = m(g + a) 

m= pV 
_ {, & 3 1 kg 
= (2 on’) een) (seat z) 
= 0.10 kg 


F = (0.1 kg) (9.81 5 +20 5) 


= 2.98 kg-m/s? (3.0 N) 


The answer is (B). 
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UNITS—14 


For the cantilever beam and applied force shown, what is the approximate re- 
sisting moment at the wall? 


m= 100 kg 
(A) 1500 N-m (B) 15000N-m (C)49000N-m (D) 170000 N-m 


For the cantilever to be in static equilibrium, the sum of the moments 
taken at the wall must be zero. 


D moments = 0 
Mresist = Mapplied =0 


Mresist = M, applied 


= LFapplied 
m 
L=(5 ft) (0.3048 =) 
= 1.524 m 
F=ma 


= (100 kg) (9.81 =) 


= 981 kg-m/s* (981 N) 
Mresist = (1.524 m)(981 N) 
= 1495 Nem (1500 N-m) 


The answer is (A). 
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UNITS-15 
Which of the following is NOT a unit of work? 
(A) Nem (B) erg (C) kg-m?/s? (D) dyne 


The units of work are force times distance or power multiplied by 
time. Therefore, all of the choices are units of work except for the 
dyne. A dyne is a unit of force. 


The answer is (D). 


UNITS-16 
Which of the following is the definition of a joule? 


(A) a unit of power 

(B) aN-m 

(C) a kgm/s? 

(D) a rate of change of energy 


A joule is a unit of energy and is defined as a newton-meter (N-m). 
None of the other choices are units of energy. 


The answer is (B). 


UNITS-17 


A boy pulls a sled with a mass of 20 kg horizontally over a surface with a 
coefficient of friction of 0.20. It takes him 10 min to pull the sled 100 yd. What 
is his average power output over these 10 min? 


(A) 4W (B) 6 W (Cc) 8W (D) 10 W 


Fa F= pN 


mg 
N is the normal force, and p is the coefficient of friction. 
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The force that the boy must pull with, Fp, must be large enough to 
overcome the frictional force. 
Fe = F f= uN 
‘ m 
= (20 kg) (9.81 =) (0.20) 
= 39.24 kg-m/s? (39.24 N) 


n: ft m 
W = F-x = (39.24 N)(100 yd) (s =) (0.3048 =) 


= 3588 J 


P-V- 3588 J 1 min 
~ ¢  \10min 60 s 


=5.98W (6 W) 


The answer is (B). 


UNITS-18 


A force of 200 Ibf acts on a block at an angle of 28° with respect to horizontal. 
The block is pushed 2 ft horizontally. The work done by this force is most nearly 


F = 200 Ibf 


(A) 210 J (B) 320 J (C) 480 J (D) 540 J 
The work done by the force is 
W = Fz cos 
á A N m 
= (200 lbf) (2 ft) cos 28 (445 i) (0.3048 =) 


= 479.04 J (480 J) 
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UNITS-19 

Two particles moving in the same direction collide, stick together, and continue 
their motion together. Each particle has a mass of 10 g, and their respective 
velocities before the collision were 10 m/s and 100 m/s. The energy of the 
system after the collision is most nearly 


(A) 22 J (B) 30J (C) 48 J (D) 78 J 
Ey= Miota V$ 
Mtotal = M1 + M2 


vy is the velocity of the two masses after the collision. Use the prin- 
ciple of conservation of momentum. 


MV + Mave = MrotalV f 
(10 g) (10 = + 100 =) = (20 g)vy 
vy = 55 m/s 
1 my? 
Bye G) (0.02 kg) (55 =) 


= 30.25 kg-m?/s?_ (30 J) 


UNITS-—20 


Two protons, each of charge 1.6 x 107!° C, are 3.4 wm apart. What is most 
nearly the change in the potential energy of the protons if they are brought 
63 nm closer together? 


(A) 6.4x1072 J (B) 7.2x10729J (C) 1.3x10-% J (D) 3.6x10-77, J 
The potential energy of a system of two charges is given by the fol- 
lowing. 

U =k2L 
E 


k = 8.99 x 10° N-m?/C? 
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qı and go are the charges, and r is the distance between the charges. 


N-m? 


il 
on 
go 
Ke] 
© 
x 
= 
=] 

[=] 


) (1.60 x 10729 C)? 


1 1 
7 (a x10-m 63x 10-9 =) 
= =3.6 x 1077! J 


The answer is (D). 


UNITS-21 


According to the Bohr model of the atom, the energy of the atom when the 
electron is at the first Bohr radius is given by 


_ mk?et 
yy 


m  massoftheelectron 9.1095 x 107%! kg 


k Coulomb’s constant 8.99 x 10° N-m?/C? 
electron charge 1.602 x 10-19 C 
h 
hor 
h Planck’s constant 6.626 x 10-74 J.s 


Using these values in metric units, calculate the value of Ep. 


(A) 2.18x 10-36 W (B) 2.18x10738 J 
(C) 2.18x10718 J (D) 2.18x10718 W 
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. N-m? 2 ue 
(2.00 x 10° -z ) (1.002 x 107° c) 


(9.1095 x 1078! ke) 


(6.626 x 10734 J-s\” 
o 


2r 
= 2.18 x 10718 J 


). 


The answer is (C 


UNITS-—22 
A copper bar is 90 cm long at 86°F. What is most nearly the increase in its length 
when the bar is heated to 95°F? The linear expansion coefficient for copper is 
1.7 x 1075 1/°C. 
(A) 2.1x1075 m (B) 3.2x107ë m 
(C) 5.3x107ë m (D) 7.7 x 107° m 
The change in length of the bar is given by the following. 
AL = aLọoAT 


Convert the temperatures from °F to °C. 


C= (3) (°F — 32°) 


T= (3) (95°F — 32°) = 35°C 


T= (3) (86°F — 32°) = 30°C 
AT=T-Ty 
= 35°C — 30°C 
= 5°C 


AL= (a7 x 107" 5) (0.9 m) (5°C) 


=7.7 x 107 m 


The answer is (D). 
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UNITS~—23 


A slab of iron with initial temperature T;ı = 48°C is used to heat a flat glass 
plate that has an initial temperature of Tj, = 18°C. No heat is lost to the 
environment. The masses are m; = 0.49 kg for the slab and m, = 310 g for the 
plate. What is the amount of heat transferred when the two have reached the 
equilibrium temperatures? The specific heats are c; = 0.11 keal/kg-°C for iron, 
and cy = 0.20 kcal/kg-°C for glass. 


(A) 860 cal (B) 32 kcal (C) 53 kcal (D) 320 kcal 
The heat transferred by an object is given by the following equation. 
Q = mcAT 


Q is the heat transferred, m is the mass of the object, AT is the change 
in temperature of the object, and c is the specific heat capacity of the 
object. 
Since no heat is lost, Q; = Qg. 

mcGAT, = mgc,AT, 


The final temperature of each object is the same. 


-Mici (Ta — Ty) = Mmgcg (T2 — Tg) 


Solve the equation for Tz, then substitute to find Q. 


T = MiCiT 14 + MglgT 1g 
2 mies + MgCy 


cal o P a 
E (0.49 xe) (110 exe) (48°C) + (0.310 kg) (200 o 5) (18°C) 


cal i cal 

(0.49 kg) (110 5) + (0.310 kg) (200 E <a) 
= 32.0°C 

Qi = mie;(Tz — Ta) 

l 


LIA aan 3 ca of dgr 
= (0.490 kg) (o1 x 10° Gg 5) (32°C — 48°C) 


plate. 
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UNITS—24 


What is the average thermal conductivity for the composite material shown? 


ko = 200 Btu/hr-ft-F 
k, = 100 Btu/hr-ft-°F ky = 50 Btu/hr-ft-°F 


(A) 42 W/mK (B) 75.5 W/mK (C) 115 W/mK (D) 155 W/mK 


Lota _ 0.07 m re 0.04 m + 0.10 m 
ko (io BH 99 BEY go 2" 
hr-ft-°F hr-ft-°F hr-ft-°F m-K 
= 0.0050 m?-K/W 
Liotal = 0.21 m 


0.21 m 


vl 


m?-K 
0.0050 WwW 


= 42 W/m-K 


The answer is (A). 
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UNITS-—25 


Approximate the energy transfer rate across a 6 in wall of firebrick with a tem- 
perature difference across the wall of 50°C. The average thermal conductivity of 
firebrick is 0.65 Btu/hr-ft-°F. 


(A) 110 W/m? (B) 290 W/m? (C) 370 W/m? (D) 430 W/m? 
AT = (3) (50°C) = 90°F 


aT 
dx 


= —k —— [for linear profile] 
z 


= 117 Btu/hr-ft? 


Btu W-hr ft \? 
Q= (ur r) (02981 Bi ) (2281 =) 


= 369 W/m? (370 W/m?) 


The answer is (C). 


UNITS-26 


A house has brick walls 15 mm thick. On a cold winter day, the temperatures 

of the inner and outer surfaces of the walls are found to be 20°C and —12°C, 

respectively. There is 120 m? of exterior wall space. The thermal conductivity 

of brick is 0.711 J/m-s-°C. Most nearly how much heat is lost through the walls 

per hour? 

(A) 180 J (B) 13 kJ (C) 660 kJ (D) 660 MJ 
Calculate the temperature difference, AT. 


AT = Tinner = Touter 
= 20°C — (—12°C) 
= 32°C 
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The thickness of the wall, x, is 0.015 m. 


_ kAAT 
T g 

; J tran 2 8 o 
E (on R 5) (120 m?) (3600 E) (32°C) 
a: 0.015 m i 


= 655 x 10° J/h (660 MJ/h) 


Thus, the heat transferred per hour is most nearly 660 MJ. 


The answer is (D). 


UNITS-—27 


Air has a specific heat, cp, of 1 kJ/kg-K. If 2 Btu of energy are added to 100 g 
of air, what is most nearly the change in air temperature? 


(A) 10°C (B) 21°C (C) 44°C (D) 88°C 
Q = mc,AT 
AT = -L 
MCp 
kJ 
Q = (2 Btu) (1.088 au) 
= 2.11 kJ 
—_ 1 kg 
m = (100 g) (6 -) 
= 0.10 kg 
Cp = 1 kJ/kg K 
AT = 2.11 kJ 


kJ 
=21.1K (21°C) 


Note: The temperature differences of 1K and 1°C are equivalent. 


The answer is (B). 
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UNITS-—28 
Air has a specific heat, cp, of 1 kJ/kg-K. If 100 g of air are heated with a 1500 W 


I. The air heats up at a rate of 15K/s. 
II. The air reaches a final temperature of 1500K. 
III. The air undergoes a nonisentropic process. 


(A) I only (B) I and II (C) I, I, and II (D) I and III 

Q = MAT 

Q = MAT 
AT = Qo 
US 

1500 l 
a E 
J 
= 15 K/s 


Thus, I is correct. 


It is not possible to predict the final temperature of the air without 
knowing the length of time it is being heated. Therefore, II is false. 


The addition of heat is a nonisentropic process (the entropy of the air 
changes). Therefore, III is correct. 


The answer is (D). 


UNITS-29 
The change in enthalpy of an incompressible liquid with constant specific heat 
is given by 

hə — hy = e(T2 — T1) + v(pe — pı) 
Tn is the temperature at a state n, Pn is the pressure at state n, and v is the 
specific volume of the liquid. 


Water, with cp = 4.18 kJ/kg-K and v = 1.00 x 107? m*/kg, has the following 


final states. : ES 
state 1: Tı =19°C pı = 0.1013 MPa 


state 2: Ta =30°C p= 0.113 MPa 
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What is the change in enthalpy from state 1 to state 2? 
(A) 46 kJ/kg (B) 46 kN/kg (C) 46 kPa/kg (D) 56 kJ/kg 
py = 101300 Pa 
p2 = 111300 Pa 
Temperature differences need not be in K, since a temperature dif- 
ference of 1°C equals a temperature difference of 1K. The specific 
volume, v, and specific heat, cp, are already in consistent units. 


J 
ho —hi = —_ \ (30°C — 19° 
he — hı («180 ax) (wre 9°C) 
mê 
+ (111300 Pa — 101300 Pa) (0.001 =) 


= 46000 J/kg (46.0 kJ/kg) 


The answer is (A). 


UNITS-30 
In a constant-temperature, closed-system process, 100 Btu of heat are transferred 


to the working fluid at 100°F. What is the change in entropy of the working fluid? 


(A) 0.18kJ/K (B) 0.25kJ/K (C) 0.34kJ/K (D) 0.57 kJ /K 


For a closed system at a constant temperature, 


d 
S2- Si = = 
= f 100 Btu kJ oR 
7 (corre) (1.06 aa) (18 F) 
= 0.34 kJ/K 


The answer is (C). 
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UNITS-31 

In the illustration, pressure is plotted using a scale of 10000 Pa per unit, volume 
is plotted using a scale of 1 L per unit, and the area enclosed by the cycle is 
3 units”. What is the work done during the cycle? 


V, y 


(A) 3x107? W-s (B) 3x107 ergs (C) 304 (D) 30000 N-m 


The area enclosed by the cycle, W, is 


W=F-r 
=pV 
N m 
= (3) (10000 =r) (1 L) (0.00 +) 
=30N-m (30 J) 
The answer is (C). 


UNITS-32 
If a 1/3 hp pump runs for 20 min, what is the energy used? 
(A) 0.060 ergs (B) 0.25 kw (C) 0.30 MJ (D) 0.11 kW-h 


= 0.298 MJ (0.30 MJ) 


The answer is (C). 
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UNITS-33 


A machine repeatedly accelerates a 1 kg mass at 1 m/ s? for 1 min. The machine 
runs at 60 rpm. What is the power output of the machine? 


(A) lerg (B) 1 cal (Cc) 1J (D) 1 W 
Ww 
oar 
W = Fr 
F = ma 


= 1 Hz 
1 1 
mao 
ls 
=ls 
mar 
P=- 
m 
Gake) (1 3) Gm) 
ls 
=1W 


The answer is (D). 


UNITS-—34 


A power of 6 kW is supplied to the motor of a crane. The motor has an efficiency 
of 90%. With most nearly what constant speed does the crane lift an 800 lbf 
weight? 


(A) 0.091 m/s (B) 0.32 m/s (C) 0.98 m/s (D) 1.5 m/s 
dw 
P= 
_ Fr 
Tt 
= Fv 
P 
YF 
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Pin is the input power, and 7 is the efficiency. 
The useful power, P., is 


P= Pin 
= (0.90)(6 kW) (1000 aw) 
= 5400 W 
y= F 
pera P, 
a 


_ (5400 W 1 lbf 
~ \ 800 Ibf / \ 4.45 N 
= 1.52 W/N (1.5 m/s) 


The answer is (D). 


UNITS-35 


Given a heat exchanger with specified inlet and outlet enthalpies, what is most 
nearly the energy requirement for the heating coil? 


hy = 200 Btu/lbm h,= 100 Btu/lbm 
Mz = 5 lbm/sec ih 5 lbm/see 
a 
(A) 500 kW (B) 530 kW (C) 560 kW (D) 600 kW 
Q = (hz = hy) 
(s 2) (200 — — 100 ea) (1.055 an 


= 527.5 kJ/s (530 kW) 


The answer is (B). 
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UNITS-36 
An engine has an efficiency of 26%. The engine uses 2 gal/hr of gasoline. Gasoline 
has a heating value of 20500 Btu/lbm and a specific gravity of 0.8. What is most 
nearly the power output of the engine? 
(A) 0.33 kW (B) 21 kW (C) 26 kw (D) 42 kW 
First, find P,,, the input power of the engine. 
Pin = Cy = V pep = V(SG) pwaterCp 


_ fo gal\ (188 Ibm Ibm 
i (2 E) (zi gal) (08 g ) (T4 T 


x (20,500 m) (1054 =) (sas) 
= 80 kW 
Next, find Pout, the power output of the engine. 
Pout = 1Pin 
= (0.26)(80 kW) 
=20.8kW (21 kW) 


The answer is (B). 


UNITS-37 


2 L of an ideal gas, at a temperature of T} = 25°C and a pressure of pi = 
0.101 MPa, are in a 10 cm diameter cylinder with a piston at one end. The 
piston is depressed, so that the cylinder is shortened by 10 cm. The temperature 
increases by 2°C. What is most nearly the change in pressure? 


initial state 


final state 


(A) 0.16 MPa (B) 0.17 MPa (C) 0.25 MPa (D) 0.33 MPa 
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Apply the ideal gas law to the gas in the cylinder. 


pıVı _ paVe 
Ti To 
— p ViTo 
i Ti V 
T; = 25°C + 273° 
= 298K 
To = 27°C + 273° 
= 300K 


AV = ALA = AL (rr?) 
= (—10 cm)z(5 cm)? 
= —785 cm? 
Note that AV < 0 because the piston is depressed. 


h=V +AV 
= 2000 cm — 785 cm? 
= 1215 cm? 


(0.101 MPa)(2000 cm*)(300K) 

P2 = oann eA 
(298K)(1215 cm?) 
=0.167 MPa (0.17 MPa) 


The answer is (B). 


UNITS-38 


The average power output of a cylinder in a combustion engine is given by 
P = pLAN 


p is the average pressure on the piston during the piston stroke, L is the length 
of the piston stroke, A is the area of the piston head, and N is the number of 
strokes per second. 


p 283 kPa 

L 14 cm 

d diameter of piston head, 12 cm 
N 1500 strokes/min 
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What is the average power output of this engine? 
(A) 89.5 N/s (B) 89.5 kW 
(C) 89.5 x 10? J- m/s (D) 89.5 kJ 


P =pLAN [for one cylinder] 
Pota = 8pLAN [for eight cylinders] 


qa? 

a ial 

A=7r’=T7 (5) 

= 12 cm 2 

E 2 

= 0.0113 m? 
= Z i A a . strokes 1 min 
Protai = (8)(283 000 Pa)(0.14 m)(0.0113 m ) (1500 na ) ( 60 s ) 


= 89500 J/s (89.5 kW) 


The answer is (B). 


UNITS-39 


What is the power required to transfer 97000 C of charge through a potential 
rise of 50 V in 1 hr? 


(A) 0.55 kW (B) 0.95 kW (C) 1.3kW (D) 2.8 kW 
W=qV 
q is the charge, and V is the potential rise. 
W 
P= 
-V 
t 
_ (97000 C)(50 V) 1 
7 3600 s W 
1000 IW 


=134kW (1.3 kW) 


The answer is (C). 
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UNITS—40 


A current of 7 A passes through a 12 Q resistor. What is the power dissipated 
in the resistor? 


(A) 84 W (B) 0.59 hp (C) 0.79 hp (D) 7.5 hp 
P=PR 


I is the current, and R is the resistance. 


P= (7 A)?(12 9) (ry) 


= 0.79 hp 


The answer is (C). 


UNITS-41 


If the average energy in a nuclear reaction is 200 MeV/fission, what is the power 
output of a reactor experiencing 2.34 x 101° fissions/s? 


(A) 550 W (B) 120 kw (C) 35 MW (D) 750 MW 


The power output of the reactor is the energy per fission times the 
number of fissions per second. 


B MeV 19 fissions\ /1 x 10° eV ao 
P= (200 ines) (234 x 10 = ) ( Mev 1.602 x 10 wv 


= 750 x 10° W (750 MW) 
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FLUID STATICS 
AND DYNAMICS 


FLUIDS-1 

Which statement is true for a fluid? 

(A) It cannot sustain a shear force. 

(B) It cannot sustain a shear force at rest. 
(C) It is a liquid only. 

(D) It has a very regular molecular structure. 


A fluid is defined as a substance that deforms continuously under the 
application of a shear force. This means that it cannot sustain a shear 
force at rest. Therefore, option (B) is true. 


The answer is (B). 


FLUIDS-2 
Which of the following is NOT a basic component of motion of a fluid element? 
(A) translation (B) rotation 

(C) angular distortion (D) twist 


The motion of a fluid element may be divided into three categories: 
translation, rotation, and distortion. Distortion can be further sub- 
divided into angular and volume distortion. The only choice that is 
not a basic component of fluid element motion is twist. 


The answer is (D). 
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FLUIDS-3 
Which of the following must be satisfied by the flow of any fluid, real or ideal? 


I. Newton’s second law of motion 
II. the continuity equation 
III. the requirement of a uniform velocity distribution 
IV. Newton’s law of viscosity 
V. the principle of conservation of energy 


(A) I II, and III (B) I,II, andIV (C)I,IL,andV_ (D) L,I, III, and IV 


Newton’s second law, the continuity equation, and the principle of 
conservation of energy always apply for any fluid. 


FLUIDS-4 
What is the definition of pressure? 

area „force . force ds area 
(A) force (B) es area, (C) area—0 area (D) foree a0 force 


The mathematical definition of pressure is 


force 
im —— 
area—0 area 


(C). 


FLUIDS-5 


For a fluid, viscosity is defined as the constant of proportionality between shear 
stress and what other variable? 


(A) time derivative of pressure 
(B) time derivative of density 
(C) spatial derivative of velocity 
(D) spatial derivative of density 


By definition, 
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Thus, viscosity, ju, is the constant of proportionality between the shear 
stress, T, and the gradient (spatial derivative) of the velocity. 


FLUIDS-6 
Surface tension has which of the following properties? 


I. It has units of force per unit length. 
Il. It exists whenever there is a density discontinuity. 
III. It is strongly affected by pressure. 


(A) I only (B) II only (C) III only (D) I and II 


TII is incorrect because pressure only slightly affects surface tension. 
I and II are correct. 


The answer is (D). 


FLUIDS-—7 


A leak from a faucet comes out in separate drops. Which of the following is the 
main cause of this phenomenon? 
(A) gravity (B) air resistance 

(C) viscosity of the fluid (D) surface tension 


Surface tension is caused by the molecular cohesive forces in a fluid. 
It is the main cause of the formation of the drops of water. 


The answer is (D). 


FLUIDS-8 


The surface tension of water in air is approximately 0.0756 N/m. If the atmo- 
spheric pressure is 101 kPa (abs), what is the pressure inside a droplet 0.254 mm 
in diameter? 
(A) 99.83 kPa (abs) (B) 101.0 kPa (abs) 

(C) 101.5 kPa (abs) (D) 102.2 kPa (abs) 
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For a spherical droplet, 
2a 
Ad = Pin — Pout = F 
20 
Pin = Pout + eg 
(4) (7.56 x 1075 =) 
seem aly 


25.4 x 1075 m 
= 102.2 kPa (abs) 


= 101 kPa + 


FLUIDS-9 
Which of the following describes shear stress in a moving Newtonian fluid? 


(A) It is proportional to the absolute viscosity. 

(B) It is proportional to the velocity gradient at the point of interest. 
(C) It is nonexistent. 

(D) both A and B 


Shear stress is proportional to the velocity gradient at a point, as well 
as the absolute viscosity. 


The answer is (D). 


FLUIDS-10 

If the shear stress in a fluid varies linearly with the velocity gradient, which of 
the following describes the fluid? 

(A) It is inviscid. 

(B) It is a perfect gas. 

(C) It is a Newtonian fluid. 

(D) It is at a constant temperature. 


In order for shear stress to vary linearly with the velocity gradient, 
the fluid must be Newtonian. 


The answer is (C). 
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FLUIDS-11 

How are lines of constant pressure in a fluid related to the force field? 
(A) They are parallel to the force field. 

(B) They are perpendicular to the force field. 

(C) They are at a 45° angle to the force field. 

(D) They are perpendicular only to the force of gravity. 


Lines of constant pressure are always perpendicular to the direction 
of the force field. 


The answer is (B). 


FLUIDS-12 

Which of the following statements about a streamline is most accurate? 
(A) It is a path of a fluid particle. 

(B) It is a line normal to the velocity vector everywhere. 


(C) It is fixed in space in steady flow. 
(D) It is defined for nonuniform flow only. 


Streamlines are tangent to the velocity vectors at every point in the 
field. Thus, for a steady flow dv/dt = 0, a streamline is fixed in space. 


The answer is (C). 


FLUIDS-13 


Which of the following describes a streamline? 


I. It is a mathematical concept. 
II. It cannot be crossed by the flow. 
III. It is a line of constant entropy. 


(A) I only (B) II only (C) Land II (D) I and III 


A streamline is a mathematical concept that defines lines that are tan- 
gential to the velocity vector. Therefore, no flow can cross a stream- 
line. Entropy is not related to streamlines. 


The answer is (C). 
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FLUIDS—14 


The following illustration shows several streamlines near the corner of two infinite 
plates. Which of the following could be the correct expression for the stream 
function, F, of this potential flow? 


(A) V=2-y (B) Y = 2gy (C) V=2 (D) W=y 


Streamlines are graphs of constant values for the stream function. 
The graph shows hyperbolas that are of the form ary = b, where a 
and b are constants. Thus, of the choices shown, the stream function 
could only be Y = 2zy. 


The answer is (B). 


FLUIDS-15 


What is most nearly the gage pressure at point A in the tank of water if h = 2 m? 


(A) 12 kPa (B) 13 kPa (C) 16 kPa (D) 20 kPa 
p= pgh 
= kg , M)\ |. 
= (1000 =) (9.81 =) (2 m) 


= 19620 Pa (20 kPa) 


The answer is (D). 
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FLUID STATICS AND DYNAMICS 4.7 
FLUIDS-16 
A drinking glass filled with a fluid of density p is quickly inverted. The top of 


the glass, which becomes the bottom after the glass is inverted, is open. What 
is the pressure at the closed end at point A? 


(A) Patm (B) patm+pegh  (C) Pam ~ pgh (D) pgh 


The pressure at point A, p, plus the pressure exerted by the fluid 
equals the pressure outside the glass. 


p+ pgh = Patm 


Therefore, 


P = Patm ~ pgh 


The answer is (C). 
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FLUIDS-17 


Find the pressure in the tank from the manometer readings shown. 


tt] Patm = 100 kPa 


pressurized tank 


fluid A, pa = 500 kg/m? 


fluid B, pg = 750 kg/m? 


fluid C, pe = 1000 kg/m? 


(A) 102 kPa (B) 108 kPa (C) 112 kPa (D) 118 kPa 


p2 — Pi = pog(21 -~ z2) 
p3 — p2 = ppg9(22 — z3) 
Pa — P3 = pAg(z3 — za) 
Pa — pı = (pa — p3) + (p3 — p2) + (p2 — pı) 
Pa = Pi + 9(pc(21 — z2) + pp(z2 — 23) + pa (z3 — 24)) 


= 100000 Pa + (9.81 =) ( (2000 5) (1 m) 


+ (750 =) (—0.3 m) + (00 =) (0.1 m)) 


= 108100 Pa (108 kPa) 


The answer is (B). 
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FLUIDS-18 


In which fluid will a pressure of 700 kPa occur? 


= 90 kPa 


ethyl alcohol 
p = 773.3 kg/m? 


oil 
p = 899.6 kg/m? m 
water mo 
p = 979.0 kg/m? Ëm 
glycerine 5m 


p = 1236.0 kg/m? 


not to scale 
(A) ethyl alcohol (B) oil (C) water (D) glycerin 


Let p: be the maximum pressure that can be measured in fluid level 
i. If p; > 700 kPa, then a pressure of 700 kPa can be measured at 
that level. 

po = 90 kPa 

Pi = Po + p1921 


kg m 
(7733 s) (9.81 5) (60 m) 


= 90 kPa + 


1000 pal 
——m 
1 kPa 
= 545.16 kPa 
pi < 700 kPa 


P2 = pı + p2g22 

kg m\ ,, 

5 (9.81 =) (10 m) 
1000 pI 


1 kPa 


(s00. 
= $45.56 kPa + = 
= 633.81 kPa 
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P2 < 700 kPa 
Ps = p2 + psgz3 


(979.0 5) (9.81 7) (5 m 


= 633.81 kPa + ek cen 
1000 —, 
MÍ 
1 kPa 
= 681.83 kPa 
p3 < 700 kPa 


P4 = p3 + pagza 


(1236 =) (981 2) (5 m) 


= 681.83 kPa + N 
1000 —5 
m 
1 kPa 
= 742.46 kPa 
pa > 700 kPa 


Thus, a pressure of 700 kPa occurs in the glycerin level. 


The answer is (D). 


FLUIDS-19 


The pressure drop across a turbine is 200 kPa. The flow rate is 0.25 m/min. 
What is most nearly the power output of the turbine? 


(A) 0.41 kW (B) 0.83 kW (C) 0.95 kW (D) 1.3 kW 


min 60 s 


sere a . 
P = (pressure drop) (flow rate) = (200 kPa) (= = ) C =) 


= 0.833 kW (0.83 kW) 


The answer is (B). 
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FLUIDS-—20 


A circular window with a radius of 0.25 m has its center 3 m below the water’s 
surface. The window is vertical. What is most nearly the force acting on the 
window? 


0.25 m J a 
(A) 2.9 kN (B) 5.8 kN (C) 18 KN (D) 29 kN 
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With yı = 2.75 m, ye = 3.25 m, the angle a between the surface of 
the water and the surface of the window = 7/2, and A= ar?, 


F= (e 7”) (pgsina)A 
_ (2.75m+3.25m\ (| kg\ (9.81 m sl 
= Geass) (1000 5) ( 5 ) (1)r(0.25 m) 


=5780N (5.78 kN) 


The answer is (B). 


FLUIDS~-21 


What is most nearly the overturning moment per unit width due to water acting 
on the dam shown? 


(A) 15 kN-m (B) 30 kN-m (C) 44 kN-m (D) 72 kN-m 
The hydrostatic force per unit width of dam is 
F = hpghA 
A= (3 m)(1 m) = 3 m? per meter of width. 
r=(+) (1000 *€) (9.81 =) (3 m)(3 m) 
Ke mê ( ug? TRAR an 
=44145 N (44,145 kN-m/m) 


This force acts one-third up from the base. 
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The overturning moment is 


Maam = Fy = (44.145 — =) (> 2) 
m 3 


=44.1kN-m (44 kN-m) 


The answer is (C). 


FLUIDS-22 


What is most nearly the minimum required force per unit width, Faam, to prevent 
the dam shown from sliding? 


river bed 
(A) 15 kN (B) 30 kN (C) 44 kN (D) 72 kN 
F= łpghA 


A = (3 m)(1 m) = 3 m? per meter of width. 


F= (5) (1000 =) (9.81 =) (3 m)(3 m) 


= 44145 N (44 kN) 


The answer is (C). 
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FLUIDS—23 


Water is held in a tank by the sluice gate shown. What force per unit width of 
the dam must the latch supply to keep the gate closed? 


4m 


<£] latch force 


(A) 25 kN/m (B) 34 kN/m (C) 52 kN/m (D) 74 kN/m 


Draw a free-body diagram of the gate. 


Use the coordinate system in the diagram. For the gate to stay in 
place, the sum of the moments around the hinge must be zero. 


X Mhinge =0 
4m 


= (4_m)R, — Í vyydy 
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4m i 4m 
(4 m)Ry = pydy = f yyydy 


J0 m 
4m - 
=| ay? dy 
Om 
£ 4m 
(081 5) y? 
zN N 
~ 3 
Om 
= 209.3 kN 


Rearranging to solve for Ry, 


209. 
Ry, = 209:3 KN 
4m 


=§2.3kN/m (52 kN/m) 


The answer is (C). 


FLUIDS—24 


4-15 


A tank with one hinged wall is filled with water. The tank wall is held at a 30° 
angle by a horizontal cable. What is most nearly the tension in the cable per 


meter of the tank? 


(A) 19 kN 


Feable 


(B) 23 kN (C) 25 kN 
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The average pressure is 


The length of the wetted inclined wall is 


h 4m 
= Gos30° T a30 T AM 
The wall area per foot of wall is 


A = lw = (4.62 m)(1 m) = 4.62 m? 


The resultant force is 


R = PA = (19.6 Pa) (4.62 m?) = 90.6 kN 


This resultant acts perpendicular to the wall at 


2h (2)(4m) 


= = ————— = 2.67m [vertical distance measured from surface] 


Taking moments about the hinge at the bottom, 


cos 30° cos 30° 
= 139.1 kN-m — (6 m)T cable 


iM 2i (90.6 kN) (4 m — 2.67 m) (Teabie) (cos 30°)(6 m) 


Rearranging to solve for Teaple, 


= 139.1 kN-m 
lable = So" 

6m 
=23.2kN (23 kN) 


The answer is (B). 
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FLUIDS-—25 


A tank of water has a rectangular panel at its lower left side, as shown. The 
location of the center of pressure on the panel is at the point P. Describe the 
distance along the panel from the bottom of the tank to the center of pressure 
as PA. Determine the length of PA. 


(A) 4m (B) 5m (C) 6m (D) 7m 


The distance along the surface of an object from the surface of the 
fluid to the center of pressure, hp, is given by 


2 haha 
r= 3 (ta + ho a) 
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In the preceding equation, hı is the distance along the surface of the 
object from the surface of the fluid to the object’s upper edge, and 
hə is the distance along the surface of the object from the surface of 
the fluid to the object’s lower edge. 


From the illustration, i i 

PA = hg — hp 
The plane is inclined at 30° below horizontal, has its upper edge at 
3 m (vertically) below the surface of the fluid, and is 12 m long. Thus, 
the following can be determined. 


3m 
hi = 530° 
=6m 
hg —hy = 12m 
hz = hı +12 m = 6 m + 12 m 
= 18 m 
h, = (3) (e m+18 m- ERCE) 
=13m 
PA = hy — h, = 18 m — 13 m 
=5m 


The answer is (B). 


FLUIDS—26 


What is most nearly the total force exerted on the curved surface described by 
the equation y = 22? The width of the curved plate is 2 m, and the specific 
weight of water is 9.81 kN/m*. 


Pa = 0 kPa gage 


(A) 1020 kN (B) 1070 kN (C) 1260 kN (D) 1380 kN 
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w is the width of the tank. 


F, =| F2 + F? 


The weight of the water in the portion of the tank above the curved 
surface, Fy, is 


Fy =7V 
VIO m 
= ww f (10 m — y)dz 
Om 
Við m 
— ww f (10 m — 2”)dzx 
Om 
T? y10 m 
= yw (10r — —) 
3 0m 
= (081 5) em (w aT e eT) 
m 3 
= 413.6 kN 
Fr = PA; 


__ (0-+h 


The area of the tank perpendicular to the z-axis, Az, is 


A, = wh 
kN 10 m 
fp = (81 =) (>) ((2 m)(10 m)) 
= 981.0 kN 
F; = J(413.6 kN)? + (981.0 kN)? 


= 1065 kN (1070 kN) 


The answer is (B). 
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FLUIDS-27 


The stream potential, ®, of a flow is given by ® = 2xy—y. Determine the stream 


function, VW, for this potential. 


(C) W=r4+e?-y?+C 
(D) V=22+y?+C 


dz dy 
“= uT 
By definition, 
„2 
oF dz 
_ av 
E 
= d® 
= 
- oF 
= dr 
Substituting u = 2y, 
av _, 
dy g 
Rearranging, 
w= J Qydy + f(z) 
=" + f(z) 
Substituting v = 2z = 1, 
a(x) _ 
io 22 —1 
Rearranging, i 
f(&)=zr-z°+C 
Therefore, 


Ÿ=r-r? +y +C 
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FLUIDS—28 


Determine the average velocity through a circular section in which the velocity 
distribution is given as v = Vmax(1 —(r/ro)*). The distribution is symmetric 
with respect to the longitudinal axis, r = 0. ro is the outer radius and Vmax 18 
the velocity along the longitudinal axis. 


(A) Vmax/4 (B) Vinax/3 (C) Vmax/2 (D) Vmax 


Vaya = 5 ‘| vdA 


il 
3 
s= 
onl 
mmn 
Q 
< 
5 
k 
[ATN 
m= 
| 


The answer is (C). 


FLUIDS-29 
Under what conditions is mass conserved in fluid flow? 


(A) The fluid is baratropic. 
(B) The flow is isentropic. 
(C) The flow is adiabatic. 
(D) It is always conserved. 


Mass is always conserved in fluid flow. 


"i 
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FLUIDS-—30 
What is the absolute velocity of a real fluid at a surface? 


(A) the same as the bulk fluid velocity 

(B) the velocity of the surface 

(C) zero 

(D) proportional to the smoothness of the surface 


For a real (nonzero viscosity) fluid there is no slip at the boundaries. 
In other words, the velocity of the surface is the same as the velocity 
of the fluid at the surface. Thus, option (B) is true. 


Option (C) is true only if the velocity of the surface is zero. 


The answer is (B). 


FLUIDS-31 


Which of the statements is true concerning the following continuity equation? 


Op , A(ou) , Apr) , A(ow) _ 
Ot Ox Oy Oz 


p is density, u is velocity in the x direction, v is velocity in the y direction, and 
w is velocity in the z direction. 


(A) It is valid only for incompressible flow. 

(B) It is valid only for steady flow. 

(C) It is derived from the principle of conservation of mass. 
(D) It is derived from the principle of conservation of energy. 


In essence, the continuity equation states that the mass flux entering 
a control volume is equal to the mass flux leaving the control volume 
plus the rate of accumulation of mass within the control volume. 
Thus, it is derived from the principle of conservation of mass. It is 
valid for all real and ideal fluids, and for all types of fluid flow. 


The answer is (C). 
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FLUIDS-—32 


Which of the following sets of dimensional flow equations satisfies the continuity 
equation? (u, v, and w are the components of velocity in the z, y, and z 
directions, respectively.) 


lLu=art+2y-t 


v=t—2y4+2 
w=t—2r4+z 
IL u= y? —2? 
v = 2ry 
w = 2tz 
II. u= z? — y? 
v = —2rY + ty 
w = —tz 
(A) Land II (B) I and II (C) II and III (D) 1, Il, and II 


The continuity equation states that V - V = 0. Check to see if this is 
true for each of the given flows. 


ðu OW. Ow 

ba ap ae EE 
ðu äv Ow 

Dota e ORARAA 
ðu av dw 

is Ro ee OA en 


Thus, flows I and III both satisfy the continuity equation. 


The answer is (B). 


FLUIDS-33 


A pipe has a diameter of 100 mm at section AA and a diameter of 50 mm at 
section BB. The velocity of an incompressible fluid is 0.3 m/s at section AA. 
What is the flow velocity at section BB? 


(A) 0.95 m/s (B) 1.2 m/s (C) 2.1 m/s (D) 3.5 m/s 
Use the continuity equation. 


mags through AA = mass through BB 
pAv1 = pA2ve 
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Rearranging to solve for vo, 


- (seat) (22) 


= 1.2 m/s 


The answer is (B). 


FLUIDS-34 


Consider the following two flows of water. 


vı = 10 m/s es 
Dz = 20 mm = 100 kPa 
D, = 10 mm on alone 
D, = 10 mm 


What is the relation between v2(I) and ve(II)? 


(A) v2(1) = v2(I1) (B) ve(I) = a) 


(C) v2(I) = 2ve2(II) (D) v2(1) =4 v2(II) 
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From the continuity equation, 
Alvi = Aove 


Rearranging to solve for v2, 


A = i 
Vo = (2) vı [independent of tilt angle] 


FLUIDS-35 


A constant-volume mixing tank mixes two inlet streams containing salt. The 
salt concentration in stream 1 is 5% by weight, and in stream 2 it is 15% by 
weight. Stream 1 flows at 25 kg/s, and stream 2 flows at 10 kg/s. There is only 
one exit stream. Find the salt concentration in the exit stream. 


(A) 5.5% (B) 7.9% (C) 11% (D) 13% 
Y isalt = Z Mealt 
inlet outlet 
(0.05) (2s =) + (0.15) (10 =) =r (3s s) 


Rearranging to solve for x, the salt concentration in the exit stream, 


T= 


= 0.0786 (7.9%) 


The answer is (B). 
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FLUIDS-36 


Water flowing with a velocity of v; in a pipe is turned to flow in the x direction, 
as shown. What is the relation between the y component of the force of the 
water jet acting on the inclined plate and the inclination angle? 


Var Ay 


Yy Ag 


(A) Fy = pAiv7cos@ (B) Fy = pAivi sind 
(C) Fy = pAivicosé (D) Fy = pA,v? sin 
Evaluate momentum in the y direction. The y component of velocity 
vi is vy = vi sin. 
Fy = vy 
= (pAıvı)(vı sin ð) 
= pAjv? sind 


The answer is (D). 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


= = = = 


FLUID STATICS AND DYNAMICS 4-27 


FLUIDS-—37 


The vane shown deflects a jet of velocity Vjet, density p, and cross-sectional area 
Ajet through an angle of 40°. Calculate Fh, the horizontal force on the vane. 


(A) pAjet Vor 

(B) pAjet Vi 608 40° 
(C) pAjetYfa(1 — cos 40°) 
(D) Påjet Via (1 — sin 40°) 


Using the momentum equation, the rate of change of horizontal mo- 
mentum, Fp, is 


Fy, = rn(horizontal velocity in — horizontal velocity out) 
= m(Vjet — Vjet C08 40°) 
Substituting, 


m = pAjetVjet 


Fh = pÅjetVjet (Vjet — Vjet C08 40°) = pAjetVjor(1 — cos 40°) 


The answer is (C). 
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FLUIDS-—38 


A jet of velocity Vjet, cross-sectional area Ajet, and density pj, impinges on a 
reversing vane and is turned through an angle of 180°. The vane is moving with 
velocity Vyane in the direction of the original jet. What is the force, Fyane, exerted 
on the vane by the water? : 


—(Vjet ~ Vvane) 


) Fyane 
A 

jet Viet — V, 

bs Yjet Yvane —_- 
D > > Vvane 

V; 


(A) 2pAjetVjet 
(B) PÅjetVjet 
(C) 2pAjetVvane ; 
(D) 2pAjet (Vjet B Vvane) 
Use the momentum equation. The rate of change of momentum, 
Fane, i8 
Frane = mAv 
Av= (Vjet i Vvane) = ( — (Vjet = Vvane)) 
= 2(Vjet cd Vvane) 
= (pAict (Vjet ~ Vvane) ) (2 (Vjet — Vvane) ) 
= 2pAjet (Vjet = Veena) 


The answer is (D). 


FLUIDS-39 
Oil (specific gravity = 0.8) at 3000 Pa flows at a constant rate of 1 m?/s through 


( 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


= a = = & = 


4-29 


= 353.68 m/s 
th = pQ 


- (08) (100 #8) (12°) 
= 800 kg/s 
> Fe = Av 


Fp — Fi = m(ve — v1) 
Rearranging to solve for Fh, the horizontal force holding the nozzle 
in place, 
Fp = Fi + m(ve — vı) 
The force exerted by the pressurized fluid, F}, is 


2 
Fi =pA, = (s000 5) (= (= =) ) 
m 2 


= 212.06 N 


` _. k ` I 
F, = 212.06 N+ (s00 =) (353.68 m _ 14.15 =) 
S 


= 271800 N (270 kN) 
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FLUIDS—40 
What is the origin of the energy conservation equation used in flow systems? 


(A) Newton’s first law of motion 

(B) Newton’s second law of motion 

(C) the first law of thermodynamics 

(D) the second law of thermodynamics 
The energy equation for fluid flow is based on the first law of thermo- 
dynamics, which states that the heat input into the system added to 
the work done on the system is equal to the change in energy of the 
system. 


The answer is (C). 


FLUIDS—41 
Which of the following is the basis for Bernoulli’s law for fluid flow? 


(A) the principle of conservation of mass 

(B) the principle of conservation of energy 

(C) the continuity equation 

(D) the principle of conservation of momentum 


Bernoulli’s law is derived from the principle of conservation of energy. 


The answer is (B). 


FLUIDS—42 
Under which of the following conditions is Bernoulli’s equation valid? 


(A) all points evaluated must be on the same streamline 
(B) the fluid must be incompressible 

(C) the fluid must be inviscid 

(D) all of the above 


Bernoulli’s equation is valid only for incompressible, inviscid fluids. 
In order for Bernoulli’s equation to be valid for two particular points, 
they must lie on the same streamline. Thus, options (A), (B), and 
(C) are all valid conditions for Bernoulli’s equation. 
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FLUIDS—43 


Under certain flow conditions, the expression for the first law of thermodynamics 
for a control volume reduces to Bernoulli’s equation. 


2 2 
ea ae y ac! 
mty ty Gata + 


Which combination of the following conditions is necessary and sufficient to 
reduce the first law of thermodynamics for a control volume to Bernoulli’s equa- 
tion? 
I. steady flow 
II. incompressible fluid 
III. no frictional losses of energy 
IV. no heat transfer or change in internal energy 


(A) Ionly (B) I and II (C) I and IV (D) I, Il, III, and IV 


Bernoulli’s equation is essentially a statement of conservation of 
energy for steady flow of an inviscid, incompressible fluid. Bernoulli’s 
equation does not account for any frictional losses or changes in in- 
ternal energy of the fluid. For Bernoulli’s equation to be valid, I, II, 
II, and IV must all describe the flow. 


The answer is (D). 


FLUIDS—44 


Determine the velocity of the liquid at the exit, given that hi = 1.5 m and 
ho =0.3 m. 


hy 


(A) 1.9 m/s (B) 2.9 m/s (C) 3.9 m/s (D) 4.9 m/s 
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Use Bernoulli’s equation. vı is essentially zero. 


2 
R py: 
pgh — s 


pghy 


V3 2g(hı = he) 


(2) (9.81 %5) (1.5m — 0.3m) 


FLUIDS—45 


A pressurized tank contains a fluid with a density of 1300 kg/m*. The pressure 
in the air space above the fluid is 700 kPa. Fluid exits to the atmosphere from 
an opening 3 m below the fluid surface. What is most nearly the exit velocity, v? 


(A) 11 m/s (B) 22 m/s (C) 31 m/s (D) 52 m/s 


Apply Bernoulli’s equation between the free surface and the exit. 


2 2 
Ptank Vy Patm v* 
En ee SS SE F pee 
P FIAT Ss P +9225 
vi =0 [at the free surface] 
z2=0 [at the exit] 
on 
Ptank +92 = Pat + 2 


v2 = 4/29 (Ba — Patm + a) 
Pg 
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Substituting, 


JY ~ -7 
(1300 z) (9.81 5) — 


1000 — 
kN 


=31.3 m/s (31 m/s) 


The answer is (C). 


FLUIDS—46 


Consider the holding tank shown. The tank volume remains constant. What is 
most nearly the velocity of the water exiting to the atmosphere? 


(A) 3 m/s 


Apply Bernoulli’s equation between the free surface (point 1) and the 
exit (point 2). 


pı = pz [both are at atmospheric pressure] 
vı =0 [the free surface is stationary] 
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gži = gza+ 


= 6.3 m/s 


The answer is (D). 


FLUIDS-47 


Water is pumped at 1 m?/s to an elevation of 5 m through a flexible hose using a 
100% efficient pump rated at 100 kW. Using the same length of hose, what size 
motor is needed to pump 1 m/s of water to a tank with no elevation gain? Both 
ends of the hose are at atmospheric pressure. Neglect kinetic energy effects. 


(A) 18 kW (B) 22 kW (C) 37 kW (D) 51 kw 
From a mechanical power balance for the first case, 
mgAz + > Priction = Fmotor 
a P, friction = t motor — mhgAz 
= £ motor ~ pQghz 


_ kg m? m 
= 100000 W — (1000 5) ( =| (9.81 5) (5 m) 
=51 kW 


In the second case, Az = 0. Thus, a mechanical power balance yields 
the following. 


~ Priction = Py motor 


= 651 kW [because the same hose is used] 
Protor = 51 kW 
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FLUIDS-48 


The potential flow velocity distribution of atmospheric air around a cylinder is 


v = Woo sin 8 


The free-stream velocity is 30 m/s. The air density is approximately 1.202 kg/m’. 
What is most nearly the pressure at point A? 


Voor Peo 
— a 


(A) 64 kN/m? (B) 76 kN/m? (C) 80 kN/m? (D) 99 kN/m? 


Apply Bernoulli’s equation between the free stream and point A. 


Poo + $PooVeq = Pa + PVA 
Patm + $ PairVoo =Pat 5 PoirVA 
VA = 2v sin 90° 
= 2WVo9 
PA = Patm + Pair (v2, = 4v2.) 


= Patm — 3 pairV25 
Therefore, 


aT 3 kg „n my? 
pa = 101000 Pa — (G) (1.202 5) (30 =) 


= 99377 Pa (99.4 kPa) 


The answer is (D). 
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FLUIDS—49 


Two tubes are mounted to the roof of a car. One tube points to the front of the 
car while the other points to the rear. The tubes are connected to a manometer 
filled with a fluid of specific gravity 0.62. The density of air is approximately 
1.202 kg/m?. When the height difference is 75 mm, what is the car’s speed? 


(A) 11 m/s (B) 15 m/s (C) 28 m/s (D) 96 m/s 


SG = 0.62 


Apply Bernoulli’s equation between the front tube (point 1) and the 
tube facing the rear (point 2). 


Di + 5PairV? = Da + pfgh 
pı = p2 [both are at atmospheric pressure] 


The speed of the car, v, is 


a 2psgh 
Pair 
A kg 
pr = (SG) (Pwater) = (0.62) { 1000 -3 


= 620 kg/m? 


Therefore, 


(2) (20 55 ) (9.81 5) (0.075 m) 

ya ga ~~o 
1.202 Æ 
= 


=27.6 m/s (28 m/s) 


The answer is (C). 
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FLUIDS-—50 


Water is flowing through a pipe with a manometer as shown. 


The density of mercury is 13567 kg/m®, and the velocity of the water is 10 m/s. 
Determine the height difference, zug, in centimeters of mercury. 


(A) 41 cm (B) 47 cm (C) 57 cm (D) 69 cm 


= 1 


From Bernoulli’s equation, 


2 2 
yi 2) Va , Ba 
satata gatat 
Az=0 
ay 
n-m= (454 \ 
v,=0 
v2 = 10 m/s 


Pı — P2 = 


(10 3) 9 ( <5) 


= 50000 Pa 


= PHg9*Hg — PH,092H20 
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2g = 2920 
50000 Pa = (pug — pH,0)92Hg 
50000 Pa 
m o KB kg 
(9.81 =) (13567 =% — 1000 ) 


më, 


ZHg = 


=0.406 m (41 cm) 


The 


FLUIDS-51 


Given the venturi meter and the two pressures shown, calculate the mass flow 
rate of water in the circular pipe. 


Pa = 200 kPa 
P, = 150 kPa 
— eae oa 
~~ 1, =0.3m 5 Sees 
(A) 52 kg/s (B) 61 kg/s (C) 65 kg/s (D) 79 kg/s 


From the continuity equation, 


AAVA = Apvsp 
va7(0.15 m)? = vg7(0.05 m)? 


vg a (C5 m?) 
A \ (0.15 m)? J P 
= (0.111 vp 


Use Bernoulli’s equation along the streamline in the center of the 


pipe. 
2 3 2 
gza +A 4. PA = gap 4 B4 PB 
2 p 2 p 
Az=0 


pa — pp = 200 kPa — 150 kPa = 50 kPa 
vā — VA _ 50000 Pa 
s 1000 “8 


m 
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Rearranging, 


v2, —vi = 100 m?/s? 


f 2 
v2 — (0.111vg)? = 100 r 
A 
vz (1 — (0.111)?) = 100 > 
vg = 10.06 m/s 
th = pvpAp 
_ sy KE mj 2 
= (1000 5) (10.06 = ) z(0.05 m) 
= 79 kg/s 


The answer is (D). 


FLUIDS-52 


What is the volumetric discharge rate for the tank shown? The coefficient of 
contraction for the orifice is 0.61, and the coefficient of velocity is 0.98. 


h=25m 


(A) 0.21 m/s (B) 0.33 m3/s (C) 0.41 m3/s (D) 0.52 m3/s 


Vactual = C- Aout Vout 


In the preceding equation, C, is the coefficient of contraction, and 
Aout is the area of the outlet. 


Vout = Cy V 2gh 
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In the preceding equation, Cy is the coefficient of velocity, and h is 
the vertical distance from the exit to the fluid’s surface. 


Vactual = C.Cy Aout V 2g h 


= (0.61) (0.98) (0.05 m?)4/(2) (9.81 =z) (2.5 m) 


= 0.21 m/s 
The answer is (A). 


FLUIDS-53 


The upper plate illustrated is fixed, while the lower plate moves in the positive 
z direction at 0.5 m/s. The plate separation is 0.001 m, the fluid viscosity is 


7 x 1074 Pa-s, and the velocity profile is linear. Calculate the shear stress, Try, 
in the moving fluid. 


(A) 0.050 Pa (B) 0.15 Pa (C) 0.25 Pa (D) 0.35 Pa 
dv 
Tay =- Pa 
u=0.7 cP (0.7 g/m8?) 
dva ove 
dy Ay 
05 = 
— s 
0.001 m 
= 500 s7! 


nn 1 
Tzy = (0.0007 Pa-s) (soo 2) 


= 0.35 Pa 
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FLUIDS-—54 
What are the units of Reynolds number for pipe flow? 
(A) m/s (B) m?/s (C) kg/m-s? (D) none of the above 


The Reynolds number is dimensionless. 


The answer is (D). 


FLUIDS-—55 

Which of the following ratios represents a physical interpretation of the Reynolds 
number? 

buoyant forces 


(A) he ‘inertial forces 
(B) Re = viscous forces 
— inertial forces 
drag forces 

(eies viscous forces 
inertial forces 

(D) Re= viscous forces 

ial 
m 


By definition, the Reynolds number is the ratio of the inertial forces 
on an element of fluid to the viscous forces. 


The answer is (D). 


FLUIDS-56 


Which of the following statements is FALSE? 

(A) The Reynolds number is the ratio of the viscous force to the inertial force. 

(B) Steady flows do not change with time at any point. 

(C) The Navier-Stokes equation is the equation of motion for a viscous Newton- 
ian fluid. 

(D) Bernoulli’s equation only holds on the same streamline. 


The Reynolds number is the ratio of the inertial forces to the viscous 
forces. 


The answer is (A). 
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FLUIDS-57 


Calculate the Reynolds number for water at 20°C flowing in an open channel. 
The water is flowing at a volumetric rate of 0.8 m3/s. The channel has a height 
of 1.2 m and a width of 2.5 m. At this temperature, water has a kinematic 
viscosity of 1.02 x 107° m?/s. 


(A) 6.5 x 10° (B) 8.5 x 10° (C) 9.2 x 108 (D) 1.2 x 108 
Re = De 
© p 
vDe 
E y 


= cross-sectional area 
D,.=4\ = 
wetted perimeter 


= (1.2 m)(2.5 m) 
-Olar an) 


= 2.45 m 
V=vA 
Rearranging, 
val 
A 


3 
0.8 ~ 
= (1.2 m)(2.5 m) 


= 0.27 m/s 
(0.27 =) (2.45 m) 
Re = > 84 
m? 
1.02 x 10-8 — 


= 6.5 x 10° 


The answer is (A). 
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FLUIDS-58 
A fluid with a kinematic viscosity of 2.5 x 107% m?/s is flowing at 0.03 m/s from 
an orifice 75 mm in diameter. How can the fluid be described? 
(A) The fluid is completely turbulent. 
(B) The fluid is in the transition zone. 
(C) The fluid is laminar. 
(D) The fluid’s turbulence cannot be calculated from the information given. 


Re = YP 
vV 
aa M 
E (0.03 =) (0075 m) 
= -5 
2.5 x 10-6 — 
8 
= 900 


A Reynolds number of 900 means that the flow is well within the 
laminar (Re < 2000) region. 


The answer is (C). 


FLUIDS-59 


The Reynolds number of a sphere falling in air is 1 x 10°. If the sphere’s radius 


is 0.5 m, what is most nearly its velocity? (pair = 1.225 kg/m*, pair = 1.789 x 
10-5 Pas) 


(A) 2.5 m/s (B) 5.2 m/s (C) 11 m/s (D) 15 m/s 
Re = vD _ øD 
=v p 
z eRe 
“= pD 


_ {1,789 x 107° Pa-s)(1 x 10°) 
(1.225 5) (1 m) 


=14.6 m/s (15 m/s) 


The answer is (D). 
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FLUIDS—60 


Which of the following is NOT true regarding the Blasius boundary layer solu- 
tion? 


(A) It is valid only for potential flow. 

(B) It is valid for laminar flow 

(C) It is an approximate solution. 

(D) It permits one to calculate the skin friction on a flat plate. 
The Blasius solution is an approximate solution to the boundary layer 
equations and makes some simplifying assumptions. It is valid for 
laminar, viscous flow and permits the evaluation of shear stress and 
skin friction. 


The Blasius solution or any other boundary layer concept has no 
meaning for potential flow. 


FLUIDS-—61 


From the Blasius solution for laminar boundary layer flow, the average coefficient 
of skin friction is Cy = 1.328//Re. If air (pair = 1.225 kg/m? and pair = 
1.789 x 10—® Pa-s) is flowing past a 10 m long flat plate at a velocity of 30 m/s, 
what is most nearly the force per unit width on the plate? 


(A) 0.85 N (B) 1.0 N (C) 1.3 N (D) 1.6 N 


Rez = Pair Vair Lplate 
Hair 


(1225 =) (30 =) (10 m) 


m? 
1.789 x 10-5 Pas 


= 2.054 x 107 
1.328 


1,828 
9.054 x 107 
= 2.93 x 1074 


F 


2 PairVaiyLplateW 


Cy = 
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Rearranging to solve for F, 


_1 oar. 
= 5CsPairVairlplate 


_{i . 4074 . kB \ fy Ey 
= (5) (2.98 x 10 ) (1.295 55) (30 F) 10 m) 
=1.62 N/m (1.6 N per unit width of plate) 


w 


The answer is (D). 


FLUIDS-62 


From what were the curves of the Moody friction factor diagram for pipe flow 
determined? 


(A) calculations based on potential flow 

(B) theoretical solutions of the Navier-Stokes equations 
(C) experimental results for inviscid fluids 

(D) experimental results for viscous fluids 


The curves in the Moody diagram are experimental data plots. They 
are valid for viscous fluids. 


The answer is (D). 


FLUIDS-—63 


What is most nearly the friction factor for flow in a circular pipe where the 
Reynolds number is 1000? 


(A) 0.008 (B) 0.06 (C) 0.08 (D) 0.1 
For Re < 2000, the friction factor, f, is given by the following. 
64 


1000 
= 0.064 (0.06) 
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FLUIDS-64 


For pipe flow in the laminar flow region, how is the friction factor related to the 
Reynolds number? 


2 
(A) foe ELIES (C) focRe D) foc Re? 


In the laminar region, f = 64/Re. 


The answer is (A). 


FLUIDS--65 


Which of the following flow meters measure(s) the average fluid velocity rather 
than a point or local velocity in a pipe? 


I. venturi meter 
II. pitot tube 
III. impact tube 
IV. orifice meter 
V. hot-wire anemometer 


(A) I only (B) II only (C) I and IV (D) II and V 


Of the four choices given, only venturi and orifice meters measure 
average velocity. 


The answer is (C). 


FLUIDS—66 


What is the hydraulic radius of the semicircular channel shown? 


(A) 2m (B) 3m (C) 4m (D) 6m 
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The hydraulic radius, rp, is 


cross-section area 


Pp = —— 
nh wetted perimeter 


FLUIDS-67 


What is the hydraulic radius of the channel shown? 


(A) 0.33 m (B) 0.43 m (C) 0.49 m (D) 1.5 m 


d= y m)? -— (1 m)? = v3 m 


1 ; 
cross-sectional area = =) d 


= (2 m)(v3 m) 
= 3.46 m? 
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Substituting, 
cross-sectional area 
Th = OOO 
wetted perimeter 
3.46 m? E 
~ 2m+3m+2m 
= 0.49 m 


The answer is (C). 


FLUIDS—68 


For fully developed laminar flow of fluids through circular pipes, the average 
velocity is what fraction of the maximum velocity? 


(A) 1/8 (B) 1/4 (C) 1/2 (D) 3/4 
For laminar flow in pipes, 


Vm 
Vave = =p 


The answer is (C). 


FLUIDS-69 


The flow rate of water through a cast-iron pipe is 20 m?/min. The diameter of 
the pipe is 0.3 m, and the coefficient of friction is f = 0.0173. What is most 
nearly the pressure drop over a 30 m length of pipe? 


(A) 9.8 kPa (B) 13 kPa (C) 17 kPa (D) 19 kPa 


= 4.71 m/s 
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The head loss, Ah, is 


sE) 


_, m\2 
TERN (4.71 =) 
gs 9.81 = 
(2) (98 =) 
= 1.96 m 
Rearranging to solve for Ap, 
Aps 
pg 
z 2 kg m 
Ap = pgAh = (1000 5 (9.81 =) (1.96 m) 


= 19200 Pa (19 kPa) 


The answer is (D). 


FLUIDS—70 


A completely full cast-iron pipe of equilateral triangular cross section (vertex 
up) and with side length of 0.5 m has water flowing through it. The flow rate 
is 22 m/min, and the friction factor for the pipe is 0.017. What is most nearly 
the pressure drop in a 30 m length of pipe? 


(A) 6.8 kPa (B) 9.8 kPa (C) 10 kPa (D) 15 kPa 
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cross-sectional area = ibh 


(5) (0.5 m)(0.433 m) 


= 0.108 m? 


D.= cross-sectional area 
ag wetted perimeter 


= (4) 0.108 m? 
7 0.5 m + 0.5 m + 0.5 m 


= 0.288 m 


The head loss, Ah, is 
L v? 
ar=s (5) (35) 


= (0.017) (ssa) (2) (9.81 5) 


= 1.043 m 
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Ap = pgAh = yAh 


kg m 
= (1000 z) (9.81 =) (1.043 m) 


(0.81 S) (1.043 m) 


10.2 kN/m? (10 kPa) 


The answer is (C). 


FLUIDS-71 

A circular cylinder 4 m long and 3 m in diameter is in an air stream. The flow 
velocity is 5 m/s perpendicular to the longitudinal axis of the cylinder. Given 
that the coefficient of drag on the cylinder is 1.3, and the density of air is 1.225 
kg/m?, what is most nearly the drag force on the cylinder? 


(A) 0.090 kN (B) 0.11 kN (C) 0.24 kN (D) 0.91 kN 


A is the frontal area of the cylinder. 


Fp = §Cppv?A 


2 G) (1.3) (1.225 =) (5 my" (3 m)(4 m) 
= 238.9N (0.24 kN) 


The answer is (C). 


FLUIDS-72 


Air flows past a 50 mm diameter sphere at 30 m/s. What is most nearly the 
drag force experienced by the sphere? The sphere has a coefficient of drag of 
0.5. The density of the air is 1.225 kg/m’. 


(A) 0.26 N (B) 0.34 N (C) 0.54 N (D) 0.68 N 
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A is the frontal area of the sphere. 
Fp = 5CDPairVeiA 


ae 2 


ye. 2 
S Cp PairVair™ Ugphere 


8 


(0.5) (1225 =) (30 mY" (0.05 m)? 


=0.541.N (0.54 N) 


FLUIDS-73 


A cylinder 10 m long and 2 m in diameter is suspended in air flowing at 8 m/s. 
The air flow is perpendicular to the longitudinal axis of the cylinder. The density 
of air is 1.225 kg/m, and the coefficient of drag of the cylinder is 1.3. What is 
most nearly the drag force on the cylinder? 


(A) 0.31 kN (B) 0.85 kN (C) 1.0 kN (D) 2.3 kN 
Fp = Cpp’ A 


= (5) (1.3) (1.225 =) (8 my" (10 m)(2 m) 


=1019.2N (1.02 kN) 


The answer is (C). 


FLUIDS~-74 
What is most nearly the terminal velocity of a 50 mm diameter, solid aluminum 
sphere falling in air? The sphere has a coefficient of drag of 0.5, the density of 
aluminum, alum; is 2650 kg/m, and the density of air, pair, is 1.225 kg/m?. 
(A) 25 m/s (B) 53 m/s (C) 88 m/s (D) 130 m/s 

Let v; be the terminal velocity. At terminal velocity, the drag force, 


Fp, equals the weight. 
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Fp = LCppairvz A =mg 


d 3 
mg = 37 (5) Palum9 


1 P d 2 d 3 
(3) Cp pairvi™ (5) = 47 (5) Palum9 
, d 3 
(2)(47) (5) Palum@ 
3C DPairT (5) 
Adpatum9 
3C D Pair 
kg m 
(4)(0.05 m) (2650 =) (9.81 =) 


(3)(0.5) (1.225 =) 


A 


we 


il 


53.2 m/s 


The answer is (B). 


FLUIDS-75 


In a flow of air (p = 1.225 kg/m*) around a cylinder, the circulation is calculated 
to be 3.97 m?/s. If the free-stream velocity is 30 m/s, what is most nearly the 
lift generated per meter length of the cylinder? 


(A) 150 N/m 


(B) 160 N/m (C) 170 N/m (D) 200 N/m 


The Kutta-Joukowsky theorem states that 


The answer is (A). 


lift 


T = PooVool’ 


m kg m m? 
= (1.225 =) (30 =) (237 =) 


=146 N/m (150 N/m) 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


2 = Pa 


4-54 1001 SOLVED ENGINEERING FUNDAMENTALS PROBLEMS 


FLUIDS—76 


A 65 mm radius cylinder rotates at 3600 rpm. Air is flowing past the cylinder 
at 30 m/s. The density of air is 1.225 kg/m*. Approximately how much lift is 
generated by the cylinder per unit length? 


(A) 190 N/m (B) 220 N/m (C) 290 N/m (D) 370 N/m 
From the Kutta-Joukowsky theorem, 


= (rw)(rd@) 
0 


= Qartw 


= 2n(0.065 m)? ((s00 =) (2r = (=5)) 


= 10 m?/s 


lift 7 kg m m? 
Z = pt = (1.225 5) (30 =) (10 =) 


= 367.5 N/m 


The answer is (D). 


FLUIDS-77 


A pump produces a head of 10 m. The volumetric flow rate through the pump 
is 6.3 x 1074 m/s. The fluid pumped is oil with a specific gravity of 0.83. 
Approximately how much energy does the pump consume in one hour? 


(A) 8.7 kJ (B) 17 kJ (C) 180 kJ (D) 200 kJ 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


= a = a = 


FLUID STATICS AND DYNAMICS 4-55 


P=ApV 
The change in pressure, Ag, is 
Ap = pgh 

an kg m F 

= (0.83) (1000 s) (9.81 5) (10 m) 

= 81423 Pa 

E=Pt 
= ApVt 


3 
= (81423 Pa) (6.3 x 10-4 — } (3600 s) 
5 


= 184667 N-m (180 kJ) 


The answer is (C). 


FLUIDS-—78 


A pump has an efficiency of 65%. It is driven by a 550 W motor. The pump 
produces a pressure rise of 120 Pa in water. What is the required flow rate? 


(A) 3.0 m/s (B) 3.4 m/s (C) 4.6 m/s (D) 4.8 m?/s 
The power supplied by the pump to the water, Pp, is 
P, r= nP; 
In the preceding equation, 7 is efficiency and P; is ideal power, 
P= ApV 
In the preceding equation, Ap is pressure rise and V is the volumetric 
flow rate. i 
ApV = FP; 
Rearranging, 
_ 1h 
ee 
P; = 550 W 
Therefore, 
v= (0.65)(550 W) 
~ 120 Pa 


= 2.98 m?/s (3.0 m/s) 


The answer is (A). 
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THERMODYNAMICS-1 

Which of the following are intensive properties? 
J. temperature 
II. pressure 


HI. composition 
TV. mass 


(A) I only (B) IV only (C) I and II (D) I, II, and III 


An intensive property does not depend on the amount of material 
present. This is true for temperature, pressure, and composition. 


The answer is (D). 


THERMODYNAMICS-2 


state of a pure gaseous compound? 
(A) 0 (B) 1 (C) 2 (D) 3 


The number of independently variable properties needed to fix the 
state of a gaseous compound, f, is given by the Gibbs phase rule. 


f=n-pt+2 


In the preceding equation, n is the number of components and p is 
the number of phases. 
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For a pure gas, 
n=p=1 
f=1-1+4+2 
=2 


The answer is (C). 


THERMODYNAMICS-3 
Which of the following thermodynamic relations is INCORRECT? 
(A) TdS=dU+pdV (B) TdS=dH -Vdp 

(CO) V=Q-W (D) H=U+pV 


U = Q +W. Therefore, the relation in option (C) is incorrect. 


The answer is (C). 


THERMODYNAMICS-4 


If air is at a pressure, p, of 135 Pa, and at a temperature, T, of 440K, what is 
most nearly the specific volume, v? (Air’s specific gas constant is R = 88.81 
J/kg-K, and air can be modeled as an ideal gas.) 


(A) 110 m3/kg (B) 130 m3/kg (C) 290 m3/kg (D) 300 m3/kg 


pu = RT 
_ RT 
op 
(88.81 max) (440K) 
_ kg-K 
135 Pa 


= 289 mľ/kg (290 m?/kg) 


The answer is (C). 
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THERMODYNAMICS 
THERMODYNAMICS-5 
Which of the following relationships defines enthalpy? 


(A) h=u+ 5 (B) h=u+pu (C)h=ut= 


Vv 


Enthalpy is given by h = u + pv. 


The answer is (B). 


THERMODYNAMICS-6 


5-3 


(D) h=p +T 


In a certain constant mass system, the conditions change from point 1 to point 
2. How does the change in enthalpy for path A differ from the enthalpy change 


for path B in going from point 1 to point 2? 


(A) AH, > AHp 
(B) AH, = AHg 
(C) AH, < AH 
(D) AHp > œ 


Enthalpy is a state function. Therefore, its value depends only on the 
initial and final states, and not on the path taken between the two 


states. Thus, AH, = A Hp. 


The answer is (B). 
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THERMODYNAMICS-7 


Steam at 416 Pa and 166K has a specific volume of 0.41 m?/kg and a specific 
enthalpy of 29.4 kJ/kg. Find the internal energy per kilogram of steam. 


(A) 28.5 kJ/kg (B) 29.2 kJ/kg (C) 30.2 kJ/kg (D) 30.4 kJ/kg 
h =u + pu 
u = h = pv 


~ kJ m? 
= 29.4 — — 6 P. 41 — 
ig ~ (416 Pa) (0 41 E) 


= 29.2 kJ/kg 


THERMODYNAMICS-8 


Which of the following is true for water at a reference temperature where en- 
thalpy is zero? 


(A) Internal energy is negative. 
(B) Entropy is nonzero. 

(C) Specific volume is zero. 
(D) Vapor pressure is zero. 


Typically, the saturation temperature (0°C for water) is chosen as 
the enthalpic reference temperature. At that temperature, the water 
has a distinct (vapor) pressure and volume. Therefore, options (C) 
and (D) are false. Although there is no thermodynamic relationship 
between entropy and enthalpy, the values of enthalpy and entropy are 
commonly referenced to the same temperature. Thus, by convention, 


false. 


The definition of enthalpy is the sum of internal energy and flow 
energy. 
h=ut+pvu 


If enthalpy is zero and the flow energy, pu, is nonzero, then the inter- 
nal energy must be negative. 


The answer is (A). 
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THERMODYNAMICS-9 
Which of the following is the triple point for the phase diagram given? 


D 


liquid 


(A) A (B) B (Cc) € (D) D 


triple point 


The triple point is the point at which the liquid, solid, and vapor 
states are all in equilibrium. Therefore, point C is the triple point. 


The answer is (C). 
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THERMODYNAMICS-10 


What does the dashed curve in the figure represent? 


(A) the solidus line 

(B) an isotherm 

(C) the saturated liquid line 
(D) the saturated vapor line 


The dashed line shown is the saturated vapor line. 


AB is the saturated liquid line. 

B is the critical point. 

BC is the saturated vapor line. 

DE represents a possible path of the system when heated. 
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THERMODYNAMICS-11 


In an ideal gas mixture of constituents i and j, what is the mole fraction of 
component i, zı, equal to? 


A a ~- ie peat of ieee D popes. 
( ) ATF ( 4G, ( ) +p ( ) m my 
For an ideal gas, the mole fraction is equal to the partial pressure 
fraction. = 
Ti = Pt 
Pi +t Pj 


The answer is (C) 


THERMODYNAMICS-12 


1.36 kg of air are held at 6.89 kPa and 38°C. Given that Rair = 88.89 J/kg-K, 
what is most nearly the volume of the container? 


(A) 2.2 m3 (B) 3.1 mË (C) 4.8 m? (D) 5.5 m? 
Use the ideal gas law. 
T = (38°C + 273°) = 311K 
pV =mRT 


J 
(1.36 kg) (28.89 zx) (311K) 
6890 Pa ; 
=5.46 m? (5.5 m?) 


The answer is (D). 
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THERMODYNAMICS-13 


The compressibility factor, Z, is used for predicting the behavior of nonideal 
gases. How is the compressibility factor defined relative to an ideal gas? (Sub- 
script “c” refers to critical value.) 

p pV mau T E T\ (Pe 
A) Z==£ = C) Z= > D Z=(/—)(= 
~az- @z-Ş ©Oz-% 6) 2=(F)() 


For real gases, the compressibility factor, Z, is a dimensionless con- 
stant given by pV = ZRT. Therefore, Z = pV/RT. 


The answer is (B). 


THERMODYNAMICS-14 
On what plane is the Mollier diagram plotted? 
(A) pV (B) pT (C) h-s (D) s-u 


The axes for a Mollier diagram are enthalpy and entropy (h-s). 


The answer is (C). 


THERMODYNAMICS- 15 
How is the quality, z, of a liquid-vapor mixture defined? 


(A) the fraction of the total volume that is saturated vapor 
(B) the fraction of the total volume that is saturated liquid 
(C) the fraction of the total mass that is saturated vapor 
(D) the fraction of the total mass that is saturated liquid 


The quality of the liquid-vapor mixture is defined as the fraction of 
the total mass that is saturated vapor. 


The answer is (C). 
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THERMODYNAMICS-16 


What is the expression for the heat of vaporization? 


hg = enthalpy of the saturated vapor 
hy = enthalpy of the saturated liquid 
(A) hy + hy (B) hy — hy (C) hy — hy (D) h -h3 
The heat of vaporization, hfg, is the difference between the enthalpy 


of the saturated vapor and the enthalpy of the saturated liquid. Thus, 
hfg = hg — hy. 


The answer is (C). 


THERMODYNAMICS-17 


From the steam tables, determine the average specific heat at constant pressure, 
Cp, of steam at 10 kPa and 45.8°C. 


(A) 1.79kJ/kg°C (B) 10.3kJ/kg-°C (C) 30.6kJ/kg:°C (D) 100kJ/kg-°C 


From the steam tables, for 10 kPa, 


at 47.7°C: h = 2588.1 kJ/kg 


at 43.8°C: h = 2581.1 kJ/kg 
2588.1 kJ/kg — 2581.1 kJ/kg 
P7 47.7°C — 43.8°C 
= 1.79 kJ/kg-°C 


The answer is (A). 
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THERMODYNAMICS-18 


A 10 mê vessel initially contains 5 m3 of liquid water and 5 mê of saturated 
water vapor at 100 kPa. Calculate the internal energy of the system using the 
steam tables. 


(A) 5x105 kJ (B) 8x105 kJ (C) 1x108 kJ (D) 2x108 kJ 
From the steam tables, 


vs = 0.001043 m?/kg 
Ug = 1.6940 m?/kg 
ug = 417.3 kJ/kg 

Ug = 2506 kJ/kg 


5 m 


3 
0.001043 Œ- 
kg 


= 4794 kg 
U = Uf Mig + UgMvap 
kJ 
kg 
= 2.01 x 10° kJ 


kJ 


= (ars ) (4794 kg) + (2506.1 =) (2.95 kg) 


The answer is (D). 
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THERMODYNAMICS-19 


A vessel with a volume of 1 më contains liquid water and water vapor in equilib- 
rium at 600 kPa. The liquid water has a mass of 1 kg. Using the steam tables, 
determine the approximate mass of the water vapor. 


(A) 0.99 kg (B) 1.6 kg (C) 1.9 kg (D) 3.2 kg 
From the steam tables at 600 kPa, 


vy = 0.001101 m?/kg 
Ug = 0.3157 m?/kg 
Viotal = MfUf + MgVg 


Mg = 
g U 
g 


3 
3_(1] i m 
1 m3 — (1 kg) (o.0o1101 =) 


m 
0.3157 i 


=3.16 kg (3.2 kg) 


The answer is (D). 


THERMODYNAMICS-20 
What is most nearly the entropy of steam at 476 kPa with a quality of 0.6? 


(A) 2.4 kJ/kg K 
(B) 3.8 kJ/kg-K 
(C) 4.8 kJ/kg-K 
(D) 5.7 kJ/kg'K 


From the steam tables at 476 kPa, 


sf = 1.8418 kJ/kg-K 
Sfq = 4.9961 kJ/kg-K 


S= Sf + U8 fg 
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In the preceding equation, x is quality. 


7 kJ kJ 
s = 1.8418 qog + (0.6) (4.0061 ik) 


= 4,839 kJ/kg-K (4.8 kJ/kg-K) 


The answer is (C). 


THERMODYNAMICS-21 


If 0.45 kg of steam at 101.3 kPa and 63% quality is heated isentropically, at 
approximately what pressure will it reach the saturated vapor state? 


(A) 15200 kPa (B) 16300 kPa (C) 17300 kPa (D) 17800 kPa 
Use the steam tables. 
pi = 101.3 kPa 
871 = 1.307 kJ/kg K 
Sfgi = 6.048 kJ/kg-K 
81 = $71 + 0.638791 


kJ kJ 
= 1.307 pg K t (0.63) (s.o4s ex) 


= 5.117 kJ/kg-K 


Now, find pz such that sg2 = 5.117 kJ/kg-K. Interpolating from the 
steam tables, p = 17800 kPa. 


The answer is (D). 


THERMODYNAMICS-22 
The first law of thermodynamics is based on which of the following principles? 


(A) conservation of mass 

(B) the enthalpy-entropy relationship 
(C) action-reaction 

(D) conservation of energy 
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The first law of thermodynamics is based on the principle of conser- 
vation of energy. 


The answer is (D). 


THERMODYNAMICS- 23 
The general energy equation for an open system involves the following five terms. 
I. accumulation of energy 
II. net energy transfer by work (standard sign convention) 
III. net energy transfer by heat (standard sign convention) 
IV. transfer of energy in by mass flow 
V. transfer of energy out by mass flow 
Using the standard sign conventions, what is the proper arrangement of these 
terms for the general energy equation satisfying the first law of thermodynamics? 


(A) I= -I + II + IV- V 
(B) I= II +III + IV +V 
(C) I= + II + IV- V 
(D) I= 1 -II-IV +V 


The first law of thermodynamics states that the total change in energy 
(I) is equal to the energy in (IV) minus the energy out (V) minus the 
work done on the system (II) plus the heat transferred to the system 
(III). Thus, I = — I + II + IV - V. 


The answer is (A). 
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THERMODYNAMICS-24 


In a reversible process, the state of a system changes from state 1 to state 2 
as shown on the p-V diagram. What does the shaded area on the diagram 
represent? 


(A) free-energy change 

(B) heat transfer 

(C) enthalpy change 

(D) work done by the system 


For a reversible process, the work done by the system is given by the 
following. 


2 
w=f pdvV 
1 


Therefore, the shaded area represents the work done by the system. 


The answer is (D). 


THERMODYNAMICS-25 
What is the value of the work done for a closed, reversible, isometric system? 


(A) zero 

(B) positive 

(C) negative 

(D) positive or negative 


w= [pv 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


= H na Š a a = 


THERMODYNAMICS 5-15 


An isometric system is a system which has a constant volume 
(dV =0). Therefore, the work done by the system is zero. 


). 


The answer is (A 


statements is true? 


(A) Gases may be liquified by pressurization. 

(B) No liquification is possible. 

(C) Only trace liquification is possible. 

(D) Liquification can be obtained only with a catalyst. 


When uyr < 0, then 8T/Op < 0. Thus, a pressure rise is accom- 
panied by a temperature drop. Therefore, a gas may be liquified by 
pressurization. 


The answer is (A). 


THERMODYNAMICS-—27 


A 5 më vessel initially contains 50 kg of liquid water and saturated water vapor 
at a total internal energy of 27300 kJ. Calculate the heat requirement to vaporize 
all of the liquid. 


(A) 100000 kJ (B) 200000 kJ (C) 300000 kJ (D) 400000 kJ 
An expression for the first law of thermodynamics is 


Q = U2, -U 
U, = 27300 kJ 


Find U2 in the steam tables at 100% vapor. vg = 5 m?/50 kg = 
0.10 m?/kg. 
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The final state is at p = 2.00 MPa and uy = 2600 kJ/kg. 
Uz = Mug 
kJ 
= (2000 =} (50 kg) 
= 130000 kJ 


Q = 130000 kJ — 27300 kJ 
= 103000 kJ (100000 kJ) 


THERMODYNAMICS-28 


What is most nearly the change in internal energy of 2.27 kg of oxygen gas when 
the temperature changes from 38°C to 49°C? (c, = 0.658 kJ/kg-K) 


(A) 16 kJ (B) 420 kJ (C) 470 kJ (D) 630 kJ 


AU = mcyAT 
AT = 49°C — 38°C 
= 11°C 


eee kJ o 
AU = (2.27 kg) (0.058 ax) (11°C) 


=16.4kJ (16 kJ) 


The answer is (A). 
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THERMODYNAMICS-29 


Water (specific heat c, = 4.2 kJ/kg-K) is being heated by a 1500 W heater. 
What is most nearly the temperature rate of change for 1 kg of water? 


(A) 0.043K/s (B) 0.18K/s (C) 0.36K/s (D) 1.5K/s 
Q = me, (AT) 
AT = 2, 
MCy 
1500 W 


J (1 kg) (4200 x) 


= 0.357K/s (0.36K/s) 


The answer is (C). 


THERMODYNAMICS-30 


1 kg of water (c, = 4.2 kJ/kg-K) is heated by 316 kJ of energy. What is most 
nearly the change in temperature? 


(A) 18K (B) 71K (C) 74K (D) 75K 
McyAT =Q 
AT = | 
MEy 
B 316 kJ 
Aara N 
=75.2K_ (75K) 


The answer is (D). 
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THERMODYNAMICS-31 


What is most nearly the change in enthalpy per kg of nitrogen gas as its tem- 
perature changes from 260°C to 93°C (cp = 1.04 kJ/kg-K)? 


(A) —200 kJ (B) —170 kJ (C) 110 kJ (D) 170 kJ 


Ah = CpAT 


: kJ ja Say 
(1.04 k) (93°C — 260°C) 


—173.7 kJ (—170 kJ) 


THERMODYNAMICS-32 


Calculate the change in enthalpy as 1 kg of nitrogen is heated from 1000K 
to 1500K, assuming the nitrogen is an ideal gas at a constant pressure. The 
temperature-dependent specific heat of nitrogen is 


Cp = 39.06 — 512.7971 + 1072.77 ~? — 820.4T~3 


(Cp is in kJ/kmol-K, and T is in K.) 


(A) 600 kJ (B) 700 kJ (C) 800 kJ (D) 900 kJ 
oH 
«= (57) 
v= \ OF}, 
OH = C,T 


+1500 
= i (39.06 — 512.79T~*° + 1072.7T 7? — 820.4T °) dT 
1000 


1500 
= | (39.067 + 1025.677% + 1072.771 + 410.27-)| 
kJ kJ 


= 19523 kJ/kmol 
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i _ (AH\ _ f kJ _\ {1 kmol 
AF total =mAh=m (aw) = (19523 ats) (1 kg) ( 98 kg ) 


= 697.3 kJ (700 kJ) 


The answer is (B) 


THERMODYNAMICS-33 


What is most nearly the resulting pressure when 400 g of air at 103.6 kPa and 
93°C is heated at constant volume to 427°C? 


(A) 160 kPa (B) 200 kPa (C) 250 kPa (D) 480 kPa 
it 
Pi P2 
_ Pile 
P T. m 
_ (103.6 kPa) (427°C + 273°) 
E 93°C + 273° 


=198 kPa (200 kPa) 


The answer is (B). 


THERMODYNAMICS-34 


Approximately how much power is required to isothermally compress 23 m/min 
of air from 101.5 kPa to 828.5 kPa? 


(A) 64 kW (B) 82 kW (C) 92 kW (D) 98 kW 


For an isothermal process, 


W = =p: Vi ln ri 
p2 


= pV; In 2 
Pi 


_ s Š 3 828.5 kPa 
= (101.5 kPa)(23 mĉ) In (Freer Pa 


= 4901 kJ 
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, aW 
P= 
4901 kJ 
60 s 
= 81.7 kW (82 kW) 


THERMODYNAMICS-35 


What is most nearly the work done by a system in which 1 kmol of water com- 
pletely evaporates at 100°C and 1 atm constant pressure? 


(A) 1000 kJ (B) 2100 kJ (C) 2500 kJ (D) 3100 kJ 


kPa 
p= (1 atm) CE =) = 101.3 kPa 


From the steam tables, 
vf = 0.001 044 m3/kg 
Ug = 1.673 m*/kg 
The molecular weight of water is 
MWz,0 = 18.016 kg/kmol 
Vi = vfMWm om 
= (0.001044 2È) (18.016 1E) (1 rmo) 
“A kg ~~ kmol g 
= 0.01881 m? 


V2 = vgMW naom 
3 
= (1.073 E) (18016 =) (1 kmol) 


= 30.141 m? 
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p2 
W= f pdV 
1 
= p(V2 — Vi) 
W = (101300 Pa)(30.141 m? — 0.01881 m?) 
= 3.05 10° J (3100 kJ) 


The answer is (D). 


THERMODYNAMICS-—36 


5 mol of water vapor at 100°C and 1 atm pressure are compressed isobarically 
to form liquid at 100°C. The process is reversible, and the ideal gas laws apply. 
What is most nearly the initial volume of the vapor? 


(A) 120 L (B) 130 L (C) 140 L (D) 150 L 


Use the ideal gas law. 


pV = nR*T 
Ve nk*T 
p 


atm-L 
mol K 
1 atm 


(5 mol) (0.0821 ) (100°C + 273°) 


=153L (150 L) 


The answer is (D). 


THERMODYNAMICS-37 


5 kmol of water vapor at 100°C and 1 atm pressure are compressed isobarically 
from an initial volume of 153 L to form liquid at 100°C. The process is reversible, 
and the ideal gas laws apply. What is most nearly the work done on the system? 


(A) 6.0 kJ (B) 6.2 kJ (C) 6.0 MJ (D) 6.2 MJ 


W = —p(V2 — Vi) 
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From the steam tables, 


vs = 0.001 044 m? /kg 
MWuz0 = 18.016 kg/kmol 


3 
Vi = (153 L) (0.00 T) 
= 0.153 m? 
V= nMWg,00f 


kg m? 
= (5 la i — .001 044 — 
(5 kmol) (as 016 =) (0 001 044 z) 


= 0,094 m? 
W = —pAV = —(101325 Pa) (0.094 m? — 0.153 m*) 
= 5978 J (6.0 kJ) 


The answer is (A). 


THERMODYNAMICS-38 


5 kmol of water vapor at 100°C and 1 atm pressure are compressed isobarically 
to form liquid at 100°C. The process is reversible, and the ideal gas laws apply. 
The heat of vaporization is 2257 kJ/kg. What is most nearly the heat required 
for condensation for the amount of water given? 


(A) -200 MJ (B) —140 MJ (C) 200 MJ (D) 410 MJ 


hfg = 2257 kJ/kg 
Q=AH 
= m(—hgg) = nM (hsg) 


~ kg saer KJ 


ol 


~203.3 MJ (—200 MJ) 


The answer is (A). 
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THERMODYNAMICS-39 


What is the equation for the work done by a constant temperature system? 
(A) W =mRT In(Va = Vi) 


(B) W = mR(T - Tı) In É 
Vi 
(©) W = mRT n 2 
Vi 


(D) W = mRT n” 
Pı 


W = pdV 
1 
_ mRT 
ee ¥ 
2 mRT 
W= i yp Y 
2 
= mRT nV 
1 
W =mRT In A 
The answer is (C). 
THERMODYNAMICS-40 


20 g of oxygen gas (O2) are compressed at a constant temperature of 30°C to 
5% of their original volume. What work is done on the system? 


(A) 820 cal (B) 920 cal (C) 950 cal (D) 1120 cal 


done on system 


Va : ie ae eee E 
W=- f piv en to get "i 


Vi 
= —mRT in 2 
m iy 
cal 
è 1. - 
R= R me di mol K 
— MW 39 2 
~ mol 


0.0619 cal/g-K 
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T = 30°C + 273° = 303K 


w= ona (os 2) casa) 


= 1124 cal (1120 cal) 


The answer is D). 


THERMODYNAMICS-41 


Helium (R* = 0.6403 kJ/kg-K) is compressed isothermally from 101.3 kPa and 
20°C. The compression ratio is 4. What is most nearly the work done by the 
gas? 

(A) —320 kJ/kg (B) —260 kJ/kg (C) 170 kJ/kg (D) 180 kJ/kg 


2 


k 
= —260 kJ/kg 


= (0. 6403 ex) (298K) In 5 Z 


The answer is (B). 


THERMODYNAMICS-42 


Gas is enclosed in a cylinder with a weighted piston as the top boundary. The 
gas is heated and expands from a volume of 0.04 m? to 0.10 m? at a constant 
pressure of 200 kPa. Calculate the work done by the system. 


(A) 8.0 kJ (B) 10 kJ (C) 12 kJ (D) 14kJ 


constant 
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At constant pressure, 


2 
w=f pdV 
1 


= p(V2 — Vi) 
= (200000 Pa)(0.10 m? — 0.04 m) 
=12000J (12 kJ) 


The answer is (C 


THERMODYNAMICS-43 


A piston-cylinder system contains a gas that expands under a constant pressure 
of 57 kPa. If the piston is displaced 0.3 m during the process, and the piston 
diameter is 0.6 m, what is the work done by the gas on the piston? 


(A) 2.4 kJ (B) 3.2 kJ (C) 3.4 kJ (D) 4.8 kJ 


The work is done at constant pressure. 


2 
W= n pdV 
1 
= pAV 
AV = AAL 


= (0.3 m)(0.3 m) 
= 0.085 m? 

W = (57 kPa)(0.085 më) 
= 4.8 kJ 
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THERMODYNAMICS-44 


Gas is enclosed in a cylinder with a weighted piston as the top boundary. The 
gas is heated and expands from a volume of 0.04 m? to 0.10 m. The pressure 
varies such that pV is constant, and the initial pressure is 200 kPa. What is 
most nearly the work done by the system? 


(A) 6.8 kJ (B) 7.3 kJ (C) 10 kJ (D) 12 kJ 


The work done by the system on the piston is given as follows. 


w= [nv 
pe 
Vo 
weon f © 
= pıVı In 2 


0.10 m3 
_ 3 
= (200000 Pa)(0.04 m*) In (aa =) 


= 7330 J (7.3 kJ) 


The answer is (B). 


THERMODYNAMICS-45 


Steam flows into a turbine at a rate of 10 kg/s, and 10 kW of heat are lost from 
the turbine. Ignoring elevation and kinetic energy effects, what is most nearly 
the power output from the turbine? 


inlet conditions exit conditions 


pressure 2.0 MPa 0.1 MPa 
temperature 350°C - 
quality - 100% 


(A) 4000 kW (B) 4400 kw (C) 4600 kw (D) 5000 kW 
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Use the first law of thermodynamics. 
P=W 
= mh(hi — he) +Q 

From the steam tables, 

hy = 3137.0 kJ/kg 

he = 2675.5 kJ/kg 

W = (10 =) (s137.0 k — 2675.5 =) — 10 kW 

8 kg kg 


= 4605 kW (4600 kW) 


The answer is (C). 


THERMODYNAMICS-46 
How does an adiabatic process compare to an isentropic process? 


(A) adiabatic: heat transfer = 0; isentropic: heat transfer # 0 
(B) adiabatic: heat transfer Æ 0; isentropic: heat transfer = 0 
(C) adiabatic: reversible; isentropic: not reversible 
(D) both: heat transfer = 0; isentropic: reversible 


An adiabatic process is one in which there is no heat flow. It is not 
necessarily reversible. An isentropic process has no heat flow and is 
reversible. 


The answer is (D). 


THERMODYNAMICS-47 


What is true about the polytropic exponent, n, for a perfect gas undergoing an 
isobaric process? 


(A) n>0 (B) n<0 (C) n — co (D) n=0 
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For an isobaric process, E 
pı = Pa [1] 


pı Vi = pa Vy [x1] 


Equation I can be derived from II only if n = 0. 


THERMODYNAMICS-48 


In an isentropic compression, p) = 2.14 N/cm?, pp = 4.28 N/cm?, V; = 164 cm3, 
and the ratio of specific heats is k = 1.4. What is most nearly the value of V2? 


(A) 18 em? (B) 21 cm? (C) 23 cm? (D) 100 cm? 


For an isentropic process, 


= 99.96 cm? (100 cm?) 


The answer is (D). 
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THERMODYNAMICS-49 


In an adiabatic, isentropic process, pı = 4.28 N/cm?, po = 6.42 N/cm?, and Ty 
= 388K. The ratio of specific heats is 1.4. What is most nearly the value of T2? 


(A) 270K (B) 390K (C) 430K (D) 440K 


For an isentropic process, 


1 
N \ (1e4-0/1-4 


= 436K (440K) 


The answer is (D). 


THERMODYNAMICS-50 


Air undergoes an isentropic compression from 0.31 N/cm? to 3.87 N/cm’. If the 
initial temperature is 20°C and the final temperature is 327.5°C, what is most 
nearly the work done by the gas? 


(A) —320 kJ/kg (B) -220 kJ/kg (C) 120 kJ/kg (D) 230 kJ/kg 


For air, 
Cy = 0.718 kJ/kg-K 


W =e,(T, — Th) 


kJ l 
= ( 0.718 —— PC — 327.5° 
(0 18 x) (20°C — 327.5°C) 


= —221 kJ/kg (—220 kJ/kg) 


The answer is (B). 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


$ b s = x * 


5-30 1001 SOLVED ENGINEERING FUNDAMENTALS PROBLEMS 


THERMODYNAMICS-51 


Nitrogen is expanded isentropically. Its temperature changes from 600K to 288K. 
Find the pressure ratio (p1/p2). 
(A) 11 (B) 13 (C) 16 (D) 22 


For an isentropic process, 


The answer is (B). 


THERMODYNAMICS-52 


Nitrogen is expanded isentropically. Its temperature changes from 327°C to 
15°C. The volumetric ratio is V2/Vi = 6.22, and the specific gas content for 
nitrogen is 0.1017 kJ/kg-K. What is most nearly the work done by the gas? 


(A) ~80 kJ/kg (B) -13 kJ/kg (C) 19 kJ/kg (D) 79 kJ/kg 


For an isentropic process, 


k=14 
_ RT-T) 
W= k—1 
kJ x o 
7 (01017 ax) (327 one C) 
= 0.4 


= 79.3 kJ/kg (79 kJ/kg) 
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THERMODYNAMICS-53 


For the cycle shown, what is the work done on the system? 


(A) 0 
(B) area enclosed by the cycle in T-V space 
(C) R(Tp — To) 
(D) area enclosed by the cycle in p-V space 
W = f pdV 
=W} -wê 
_ R(Te-Ta) _ R(Ta — To) 
~ k=l k-1 


R 
= (4) (Te + To — 2Ta) 


Thus, options (A), (B), and (C) are’ incorrect. However, $ pdV is the 
area enclosed in p-V space. Therefore, option (D) is correct. 


The answer is (D). 


THERMODYNAMICS-54 


The change in entropy is equal to the initial entropy. Not all of the liquid is 
vaporized. What is most nearly the change in enthalpy during the process? 


(A) 110 kJ/kg (B) 270kJ/kg (C) 410 kJ/kg (D) 540 kJ/kg 


Ah = zhfg 
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In the preceding equation, x is quality. 
hfg = 2230 kJ/kg 
Sinitial = Sf 
= 1.4185 kJ/kg-K [at 143 kPa] 


Sfinal = Sinitial + As 


= 28initial 
_ kJ 
= (2) (1.4185 ix) 
= 2.837 kJ/ke-K 
= Sf + T3fg 
p= Sfinal — Sf 
5fg 
kJ kJ 
7 2.837 ink — 1.4185 ke-K 
he kJ 
5.8202 gk 
= 0,244 


Ah = thyg = (0.244) (2230 i) 
= 544.1 kJ/kg (540 kJ/kg) 


The answer is (D). 


THERMODYNAMICS-55 


A cylinder and piston arrangement contains saturated water vapor at 110°C. 
The vapor is compressed in a reversible adiabatic process until the pressure is 
1.6 MPa. What is most nearly the work done by the system? 


(A) -640 kJ/kg (B) —510 kJ/kg (C) —430 kJ/kg (D) —330 kJ/kg 


Use the first law of thermodynamics. 
Q =U; -U2 +W 
=0 
W = Ui -Uz 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


+ * 


THERMODYNAMICS 5-33 


State 1 is specified. Because the process is reversible and adiabatic, 
s1 = 89. Thus, it is possible to find state 2. To do so, use the steam 
tables. 


at 110°C: sı = 7.2387 kJ/kg-K 
u1 = 2518.1 kJ/kg 
at 1.6 MPa: s3 = 7.2374 kJ/kg: K 
ug = 2950.1 kJ/kg 
Tz = 400°C 
W = 2518.1 kJ/kg — 2950.1 kJ/kg 
= —432 kJ/kg (—430 kJ/kg) 


The answer is (C). 


THERMODYNAMICS-56 


During an adiabatic, internally reversible process, what is true about the change 
in entropy? 


(A) It is always zero. 

(B) It is always less than zero. 
(C) It is always greater than zero. 
(D) It is infinite. 


Since there is no heat flow, an adiabatic, reversible process has a zero 
change in entropy. 


The answer is (A). 


THERMODYNAMICS-57 


For an irreversible process, what is true about the total change in entropy of the 
system and surroundings? 


(A) dS = œ% (B) dS =0 (C) dS >0 (D) dS <0 
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For an irreversible process, 


dS = @Ssystem + @Ssurroundings >0 


THERMODYNAMICS-58 
For which type of process is the equation dQ = Td valid? 
(A) irreversible (B) isothermal (C) reversible (D) isobaric 


TdS = dH — Vdp 
dH = dU + pdV + Vdp 


TdS = dU + pdV 
padV = dw 
TaS = dU + dw 


The first law of thermodynamics is 


dQ = dU + dw 


Therefore, 
dQ =TdS [for a reversible process] 


The answer is (C). 


THERMODYNAMICS-59 


Which of the following is true for any process? 


(A) ASsurroundings + ASsystem 20 
(B) ASzgurroundings + A S system <0 
(C) ASsurroundings + ASsystem <0 
(D) A Ssurroundings + A Ssystem >0 
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The total entropy either increases or, for a reversible process, remains 
the same. Therefore, the total change in entropy is always greater 
than or equal to zero. 


The answer is (A). 


THERMODYNAMICS-60 


In a reversible process, the state of a system changes from state 1 to state 2, as 
shown on the T-S' diagram. What does the shaded area of the diagram represent? 


(A) free-energy change 
(B) heat transfer 

(C) enthalpy change 
(D) work 


For a reversible process, Q = f TdS. Thus, the shaded area represents 
the heat transfer. 


The answer is (B). 


THERMODYNAMICS-61 


Helium is compressed isothermally from 14.7 psia and 68°F. The compression 
ratio is 4. What is most nearly the change in entropy of the gas, given that the 
specific gas constant is Rye = 0.6411 kJ/kg-K? 


(A) -0.97 kJ/kg-K  (B) —0.89 kJ/kg-K 
(C) 0.45 kJ/ke-K (D) 0.89 kJ/kg-K 
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For an isothermal process, 


i 
As = Ryeln A 


; kJ 1 


li 


—0.889 kJ/kg-K (—0.89 kJ/kg-K) 


The answer is (B). 


THERMODYNAMICS-62 


For an ideal gas, what is most nearly the specific molar entropy change during 
an isothermal process in which the pressure changes from 200 kPa to 150 kPa? 


(A) 2.0 J/mol-K (B) 2.4 J/mol-K 
(C) 2.8 J/molK (D) 3.1 J/mol-K 
For an ideal gas, 
AS = cln 2 — R* n 
Tı pı 


For an isothermal process, 


T= 
Ta 
a =o 


AS = -R* n Z 
pı 


J \, /150 kPa 
= (-8314 z) a ec: Pe) 


= 2.39 J/molK (2.4 J/mol-K) 


The answer is (B). 
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THERMODYNAMICS-63 


In the p-V diagram shown, heat addition occurs between points 1 and 2. Given 
that c, = 0.434 kJ/kg-K, what is most nearly the entropy produced during this 
step? 


2 
3178 kPa, 1534K 


: 1248 kPa, 600K 


(A) —0.41 kJ/kgK (B) —0.23 kJ/kg:K 


(C) 0.23 kJ/kg: K (D) 0.41 kJ/kg: K 
_ To Vo 
Aszony A 
V =V 
As = & ln Ta 


Tı 


kJ 1534K 
= (0.434 an) In (ar) 


= 0.407 kJ/kg-K (0.41 kJ/kg-K) 


The answer is (D). 


THERMODYNAMICS-64 


200 g of water are heated from 5°C to 100°C and vaporized at a constant pressure. 
The heat of vaporization of water at 100°C is 539.2 cal/g. The heat capacity 


entropy? 


(A) 250 cal/K (B) 300 cal/K (C) 350 cal/K (D) 400 cal/K 
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Tı = 5°C + 273° = 278K 
Tz = 100°C + 273° = 373K 
AS = ASheat + AS vaporization 


ASheat = $2 — 81 


Tr a 
=| 2dT-Rn@ 
JT; T Pl 


Pi = p2 


T2 | 
A Sheat = f PAIT 
heat T T 


= Cp ln 


-fi cal In 373K 
gk 278K 
= 0.2940 cal/g-K 


ASheat = MASheat 
cal 
= (200 g) (0.2040 =) 


= 58.8 cal/K 
Q oe hfg 


ÅA Sya 1 i — = 
porization 
T Tyap 


539.2 = 
= g 


~ 373K 
= 1.446 cal/g-K 


AS vaporization = MÅ Svaporization 


= (200 g) (1.446 =) 


gk 
= 289.2 cal/K 
cal cal 
AS = 58.5 K + 289.2 a 


=348 cal/K (350 cal/K) 
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POWER CYCLES-1 


What kind of process occurs between points 3 and 4? 


(A) isentropic 

(B) isobaric 

(C) isothermal 

(D) There is insufficient information to determine the process type. 
The process between points 3 and 4 is indeterminate. All that can be 
said about the process is that it is neither isobaric nor isothermal. 


The answer is (D). 
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POWER CYCLES-2 

Which of the following thermodynamic cycles is the most efficient? 
(A) Brayton 

(B) Rankine 

(C) Carnot 

(D) combined Brayton-Rankine 


No cycle is more efficient than the Carnot cycle, because it is com- 
pletely reversible. 


The answer is (C). 


POWER CYCLES-3 


For the reversible heat engine shown, which area on the corresponding T-S dia- 
gram represents the work done by the system? 


hot reservoir. 


surroundings 
Te 


(A) work = 0 (B) 1-2—4-5 (C) 6—3—4—-5 (D) 1—2—3—6 
Use the first law of thermodynamics. 


W =QHu -Qc 

TyAS —TcAS 
=(1—-2-4-5)-(3-4-5-6) 
=1-2-3-6 


The answer is (D). 
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POWER CYCLES-4 


The ideal reversible Carnot cycle involves several basic processes. What type of 


(A) all adiabatic 

(B) all isentropic 

(C) two adiabatic and two isentropic 
(D) two isothermal and two isentropic 


By definition, a Carnot cycle consists of two isothermal processes and 
two isentropic processes. 


The answer is (D). 


POWER CYCLES-5 


An ideal reversible Carnot cycle is represented on the T-S diagram shown. The 
efficiency of the cycle is represented by which of the following ratios of areas? 


Ty 


1-2-3-6 1-2-—4- 
“Tp =4-5 AAE 
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The efficiency, 7, is defined as follows. 


_ Waet 

™ Qu 

Waet = Qnet 
=1-2-3-6 
Quy =1-2-4-5 
1—-2-3-—6 
I=ToI-4-8 


The answer is (A). 


POWER CYCLES-6 
Which of the following T-S diagrams may be that of a Carnot cycle? 


(A) T (B) T 


(C) 7 (D) T 


S $s 


A Carnot cycle has two isothermal processes (horizontal lines on a 
T-S§ diagram) and two isentropic processes (vertical lines on a T-S 
diagram). The only diagram that has both of these properties is the 
diagram represented in option (D). 
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POWER CYCLES-—7 


Which of the following is/are representations of a Carnot cycle? 


I. II. m. 


(A) I only (B) II only (C) Land II (D) II and II 


A Carnot cycle has two isentropic processes and two isothermal pro- 
cesses. Diagram I has two isentropic processes, but no isothermal 
processes. Diagram II has two isentropic processes and two isother- 
mal processes. When A is constant, T is constant. Diagram II also 
has two isentropic processes and two isothermal processes. Thus, II 
and III both represent a Carnot cycle. 


The answer is (D). 


POWER CYCLES-8 


Consider the T-S diagram of a Carnot cycle in the figure. What is the amount 
of total work done in one cycle? 


Onet = W 


(A) (S2-$1)(Tea-T) (B) (S2—$1)T2 
(C) (S1 — S2)Th (D) (S2—$1)T -T 
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W = Qnet — AU 
=Qu- Qc -0 
= TyASy — Tose 
= T2(S2 ~ $1) - Ti (S2 — S1) 
= (82 — 81 )(T> — Tı) 


POWER CYCLES-9 


Consider the T-§ diagram of a Carnot cycle shown. What amount of heat is 
rejected to the surroundings? 


Ty 


Te 


(A) T(S3 — S2) (B) TH(S2 — $1) 
(C) To($3 — $2) (D) Te(S2 — 81) 


5 Qrejected 


Si S 


cycle. 
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POWER. CYCLES—10 


What is the temperature difference of the cycle if the entropy difference is AS 
and the work done is W? 


(A)W-AS B) (co) 2 (D) W(AS) 


In the figure, the work done, W, is represented by the shaded area. 


W = (AT)(AS) 
Rearranging, ii 
oar) 


The answer is (B). 


POWER CYCLES-11 


In the Carnot cycle shown, the net amount of heat put into the system is equal 
to the total amount of work done by the system. However, it cannot be stated 
that the heat put into the system between states 1 and 2 is equal to the work 
done between states 1 and 2. What is the reason for this? 
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(A) The process is adiabatic. 

(B) The process is not adiabatic. 

(C) The second law states that the amount of energy put into the system is 
equal to the amount taken out of the system. 

(D) The first law states that dQ = dU + dW. Since dU Æ 0, dQ # dW. 


The first law states that dQ = dU + dW. Between states 1 and 2, 


The answer is (D). 


POWER CYCLES-12 


For the Carnot cycle shown, helium is the gas used with a specific heat ratio, k, 
of 5/3. Given that Ve/Va = 2 and T,/Tp = 1.9, calculate po/pa. 


(A) 0.0633 (B) 0.100 (C) 0.180 (D) 0.262 
Ta Tp _ 
To To = 


For a constant temperature, 


Ps YA Lip 
pa VB 
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For a Carnot cycle, stage B to C is isentropic. The relation for ideal 
gases undergoing a constant entropy process is 


po To k/(k=1) 

PB (2) 

Po _ (2) (2) 

PA PB PA 
7 a 5/2 1 
~ Vig 2 


= 0.100 


The answer is (B). 


POWER CYCLES-13 


A Carnot engine operates between 444K and 555K. What is its thermal effi- 
ciency? 


(A) 20% (B) 30% (C) 40% (D) 50% 


POWER CYCLES-14 


For a heat engine operating between two temperatures (Tz > Tı), what is the 
maximum efficiency attainable? 


T; h , ew 
~ai ë @i-# ©OF o 1- (2) 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


# à 3 = $ ş = 


6-10 1001 SOLVED ENGINEERING FUNDAMENTALS PROBLEMS 


The maximum efficiency attainable is the Carnot efficiency. 


_W 
1 Cin 
_ Qin = Qout 
Qin 
Ti 
Ncarnot = 1 — T, 


The answer is (B). 


POWER. CYCLES-15 


Which of the following is NOT an advantage of a superheated, closed Rankine 
cycle over an open Rankine cycle? 


(A) increased efficiency 

(B) increased turbine work output 
(C) increased turbine life 

(D) increased boiler life 


Option (D) is not an advantage because a superheated Rankine cycle 
has higher boiler heat temperatures that decrease boiler life. 


The answer is (D). 


POWER CYCLES-~16 


Which of the following statements regarding Rankine cycles is FALSE? 
(A) Use of a condensible vapor in the cycle increases the efficiency of the cycle. 


(B) The temperatures at which energy is transferred to and from the working 
liquid are less separated than in a Carnot cycle. 
( 


C) 
(D) In practical terms, the susceptibility of the engine materials to corrosion is 
not a key limitation on the operating efficiency. 


Superheating increases the efficiency of a Rankine cycle. 
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Corrosion is a principal limitation on the use of higher temperatures 
for this type of engine. Thus, the susceptibility of engine materials 
to corrosion does limit operating efficiency. 


The answer is (D). 


POWER CYCLES-17 
What type of power cycle does the following diagram illustrate? 


lines of constant 
pressure (isobars) 


yt 


(A) a Carnot cycle 

(B) an idealized Rankine cycle with superheat and reheat 
(C) an idealized diesel cycle 

(D) an idealized Stirling cycle 


The diagram shows an idealized Rankine cycle with reheat. 


The answer is (B). 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


s $ = x = 


6-12 1001 SOLVED ENGINEERING FUNDAMENTALS PROBLEMS 


POWER CYCLES-18 


For the steam Rankine cycle shown, determine the approximate enthalpy at 
state 3. 


700.5 kPa 


(A) 2000 kJ/kg (B) 2500 kJ/kg 
(C) 2680 kJ/kg (D) 2760 kJ/kg 


State 3 is saturated steam at 700.5 kPa. From the steam tables, 
= 2763.5 kJ/kg (2760 kJ/kg) 


The answer is (D). 
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POWER CYCLES-19 


In a Rankine cycle, state 3 is saturated steam at 1.398 MPa. Assuming that 
the turbine is isentropic and p4 = 101.35 kPa, find the approximate enthalpy at 
state 4. 


h 


(A) 420 kJ/kg (B) 2260 kJ/kg (C) 2350 kJ/kg (D) 2680 kJ/kg 


p3 = 1.398 MPa 
From the steam tables, 


83 = Sg 
= 6.4698 kJ/kg-K 
84 = 83 
= 6.4698 kJ/kg-K 


S4 = 8f F T8fg 


kJ ea KJ 
= 1.3069 eK +2 (s.0480 <x) 


Rearrange to solve for quality x. 


kJ kJ 
pn SA St 6-4698 PaK — 1.3069 K 
8 f kJ 
6.0480 eK 
0.854 
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ha = hy + zhfg 


ok kJ 
= 419.04 — + (0.854) ( 2257.0 — 
kg ( ) ( =) 
= 2346.5 kJ/kg (2350 kJ/kg) 


). 


In a steam Rankine cycle, state 1 is saturated liquid at 101.35 kPa. State 2 is 
high-pressure liquid at 0.7005 MPa. Approximately how much work is required 
to pump 0.45 kg of water from state 1 to state 27 


h 
(A) 125 kJ (B) 136 J (C) 280 J (D) 19.5 kJ 


pı = 101.35 kPa 
vs = 0.001 044 m? /kg 
W = m(he — hı) 

= mvAp 


3 
= ,-3 M 5 8 7 oa , Pa 
= (0.45 kg) (1.04 x 10 E) (700.5 kPa — 101.35 kPa) (1000 =) 


= 281.5 J (280 J) 


The answer is (C). 
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POWER CYCLES~—21 


In a steam Rankine cycle, saturated liquid at 101.35 kPa is pumped to 1.398 
MPa. If the pump were isentropic, the enthalpy of state 2 would be 420.2 kJ/kg. 
The isentropic efficiency of the pump is 60%. What is most nearly the enthalpy 
of state 2? 


h 
(A) 252.1 kJ/kg (B) 417.5 kJ/kg (C) 418.9 kJ/kg (D) 421.0 kJ/kg 


= (he = hi)» 
ho = hı 
(he = hi)s 
7 


hə — hy = 
hy = hy + C2 Te 


From the steam tables, 


hy = 419.04 kJ/kg 
kd kJ 
20.2 == — 419.04 — 
420.2 T 2.04 kz 


0.6 
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POWER CYCLES-—22 


Steam in a Rankine cycle is expanded from a 1.398 MPa saturated vapor state 
to 0.1433 MPa. The turbine has an efficiency of 0.8. What is most nearly the 
enthalpy of state 4? 


(A) 2233 kJ/kg (B) 2294kJ/kg (C) 2393 kJ/kg (D) 2476 kJ/kg 


Call the isentropic state 4,. 
p3 = 1.398 MPa [saturated vapor] 


83 = 8f,4s + T8fg,49 


kJ kJ kJ 
6.4698 ag = 14185 Ete (s.s202 ax) 
x = 0.8679 


h4s = Anas + Thfg,4s 


= 461.30 E + (0.8679) (2230.2 E) 
= 2396.89 kJ/kg 
` ha = ha 
hg — has 
ha = h3 — n(h3 — has) 


kJ kJ 
= 9 IU. = = $ i pa k 
2790.0 T (0.8) (2700 0 fz T 2896.89 3 


= 2476 kJ/kg 
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POWER CYCLES-23 
Which of the following sets of reversible processes describes an ideal Otto cycle? 


I. adiabatic compression, constant volume heat addition, adiabatic expan- 
sion, constant volume heat rejection 
II. isothermal compression, isobaric heat addition, isothermal expansion, 
isobaric heat rejection 
(A) I only 
(B) II only 
(C) I and II in succession 
(D) II and I in succession 


An Otto cycle is defined by the set of reversible processes in I. 


The answer is (A). 


POWER CYCLES~—24 


In the power stroke (3 to 4) of the ideal Otto cycle shown, what is the entropy 
change? 


Tg = 1534.3 K 
Ps = 3.18 MPa 


_ 4 Ta = 749.3 K 
Tå = 0.26 MPa 


(A) -0.536 kJ/kg K (B) 0.00 kJ/kg:K 
(C) 0.536 kJ/kg- K (D) 0.749 kJ/kg-K 
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In the ideal Otto cycle, the expansion process is reversible and adia- 
batic (isentropic). For an isentropic process, AS = 0. 


The answer is (B). 


POWER CYCLES-25 


The compression ratio of an ideal air Otto cycle is 6:1. pı is 101.35 kPa, and Ty 
is 20°C. What is the temperature at state 2? 


(A) 159.4°C 
(B) 332.6°C 
(C) 600.0°C 
(D) 600.0K 


The process from state 1 to state 2 is an isentropic compression, with 
k = 1.4 for air. 


= (6)'4 


p2 = pi(6)*4 
= (101.35 kPa)(6)!4 
= 1245.19 kPa 
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POWER CYCLES 6-19 
To = Tı (6)°4 

= (20°C + 273°)(6)"4 

=599.97K (600.0K) 


The answer is (D). 


POWER CYCLES-—26 


What is the ideal efficiency of an Otto cycle with a compression ratio of 6:1? 
The gas used is air. 


(A) 0.167 (B) 0.191 (C) 0.488 (D) 0.512 


By definition, 


n=1- ri 


In this equation, r is the compression ratio. 


For air, 
k=1.4 
n= 1— (6)1714 
= 0.512 


The answer is (D). 


POWER CYCLES-27 

The cycle shown in the diagram can be described as follows. 
The process from 1 to 2 is adiabatic, isentropic compression. 
The process from 2 to 3 is isobaric heat addition. 
The process from 3 to 4 is adiabatic, isentropic expansion. 


The process from 4 to 1 is constant volume heat rejection. 
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Which of the following is the name of this cycle? 
(A) Otto (B) Carnot (C) diesel (D) Rankine 


The cycle described above is a diesel cycle. 


The answer is (C). 


POWER CYCLES-28 


A device produces 37.5 J per power stroke. There is one power stroke per 
revolution. Approximate the power output, Pout, if the device is run at 45 rpm. 


(A) 4.7 W (B) 14W (C) 28 W (D) 280 W 


Pout = 


= (375 J 1 Borer stroke 45 relator 1 min 
power stroke revolution min 60 s 


= 28.125 W (28 W) 


The answer is (C). 
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POWER CYCLES-29 


A steam generator produces saturated steam at 700.5 kPa from saturated liquid 
at 101.35 kPa. If the heat source is a bath at 171°C that provides 1860.8 kJ/kg, 
which of the following is true? 
(A) The device violates the first law of thermodynamics only. 
(B) The device violates the second law of thermodynamics only. 
(C) The device violates both the first and second laws of thermodynamics. 
(D) No thermodynamic laws are violated. 
For the heat output, 


AQ = hg — hi 
kJ kJ 
= 2763.5 == — 419.04 —— 
2763.5 k 419.04 ke 
= 2344.5 kJ/kg 


However, it is given that the heat input is 1860.8 kJ/kg. This would 
mean that the heat output is greater than the heat input. Therefore, 
the first law of thermodynamics is violated. 


As = 82-81 — T kJ 
1860.8 — 
E kJ kJ kg 
= (6:7078 keK 1.3069 =x) ~ 171°C + 273K 
kJ kJ 
= 5.4009 bR 4.1910 kgK 


= 1.2099 kJ/kg-K 


Since As > 0, the second law of thermodynamics is not violated. 


The answer is (A). 


POWER CYCLES-30 


A device that is meant to extract power from waste process steam starts with 
steam of 75% quality at 700.5 kPa. The exit conditions of the steam are 70% 
quality at 101.35 kPa. Which of the following statements are true? 


(A) This device violates the first law of thermodynamics. 
(B) This device violates the second law of thermodynamics. 
(C) The device generates positive net power. 

(D) The device generates no net power. 
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W = —(héinat — initial) 
h=hy+chyg 


hy and hyg can be found in the steam tables. 


= kJ kJ 
nal = 419.04 — + (0. Oa 
Aéginal 0 ig t © 7) (2257.0 €) 


1998.94 kJ/kg 
coma, kJ kJ 
hinitiat = 097.34 T + (0.75) (2006.2 =) 


= 2246.99 kJ/kg 


_. kJ kJ 
= 2246.99 — — 1998.94 — 
kg kg 


= 248.05 kJ/kg 


Thus, the device generates positive net power, and the first law of 
thermodynamics is not violated. 


As = Sfinal — Sinitial 
8 = 8f +208 fg 


sf and sr, can be found in the steam tables. 


kJ kJ 
Sfinal = 1.3069 ke-K + (0.7) (6.0480 x) 


= 5.5405 kJ /ke-K 
k 
Sinitial = 1.9925 EK + (0.75) (4.1183 EK ) 
= 5.5290 kJ/kg:K 
FO kJ i kJ 


= 0.0115 kJ/kg-K 


Since As > 0, the second law of thermodynamics is not violated. 
Therefore, options (A), (B), and (D) are all false. Only option (C) is 
true. 
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POWER CYCLES-31 


An engineer devises a scheme for extracting some power from waste process 
steam. The engineer claims that the steam enters the device at 700.5 kPa and 
quality 75%, and the steam exits at 101.35 kPa and 65% quality. Which of the 
following statements are true? 


I. The device produces 316 kJ/kg of work. 
II. The device violates the second law of thermodynamics. 
III. The device violates the first law of thermodynamics. 


(A) I only (B) II only (C) III only (D) I and II 


h= hş +zhfg 
hs and hfg can be found in the steam tables. 


kJ wan KJ 


= 2246.99 kJ/kg 
hanai = 419.04 É! + (0.65) (2287.0 E) 


kg kg 
= 1886.09 kJ/kg 
kJ kJ 
W = 2246.99 — — 1886.09 — 
kg kg 
= 360.9 kJ/kg 


Thus, the device produces 316 kJ/kg of work without violating the 
first law of thermodynamics. 


As = Sfinal — Sinitial 
8 = Sf + T8fg 
sf and sf, can be found in the steam tables. 
kJ a kJ 
initial = 1.9925 ——~ . 1183 
Sinitial 9925 kek + (0.75) (4 7153 ex) 
= 5.529 kJ/ke-K 


kJ ie 
sanal = 1.3069 ——— + (0.65) (6.0480 kg-K 
Sfinal 69 wK”! 65) (6.0480 kg'K) 
= 5.2381 kJ/kg: K 
kJ kJ 
As =5. — = §.529 —~ 
$= 5.2381 TER — 5.529 Fe 


= —0.2909 kJ/kg-K 
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Since As < 0, the device violates the second law of thermodynamics. 


and a heating value of 45 MJ/kg. The engine has an efficiency of 25%. What is 
most nearly the brake horsepower of the engine? 


(A) 12.5 hp (B) 15.6 hp (C) 16.8 hp (D) 21.0 hp 


The fuel flow rate is 
Q= iL i m3 1 min 
~ (12 min / \ 1000 L 60 s 
= 1.39 x 107° m3/s 


For the power input to the engine, 


P; = m(heating value) 
= pQ (heating value) 


k _, mê MJ 
= (0.8) (1000 5) (1.389 x 1076 =) (s a) 


= 0.0500 MJ/s (50.0 kW) 


For the power output (actual power), 


Pout = nP; 


= (0.25)(50.0 kW) (ozs wie 


= 16.8 hp 


The answer is (C). 
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POWER CYCLES-33 


A Carnot refrigerator operates between two reservoirs. One reservoir is at a 
higher temperature, Ty, and the other is at a cooler temperature, Tc. What is 
the coefficient of performance, COP, of the refrigerator? 


To T 
(A) Tr-ge Bi- (C) Fe -To D) 


The answer is (D). 


POWER. CYCLES-34 


A refrigeration system produces 348.9 kJ/kg of cooling. In order to have a 
rating of 1 ton of refrigeration, what must be the mass flow rate of the vapor? 
(1 ton of refrigeration = 12.66 MJ/hr, approximately the rate required to freeze 
2000 Ibm of ice in a day.) 


(A) 0.998 kg/hr (B) 6.800 kg/hr (C) 36.29 kg/hr (D) 163.3 kg/hr 
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refrigeration rate = m(cooling capacity) 
Therefore, the mass flow rate, rh, is 


_ refrigeration rate 
~~ cooling capacity 


= 36.29 kg/hr 


The answer is (C). 


POWER CYCLES-35 


What is the ideal compression ratio of an Otto cycle that uses air as the gas and 
has an efficiency of 50%? 


(A) 4.3:1 (B) 5.0:1 (C) 5.7:1 (D) 6.2:1 
By definition, 


Notte = 1—ri-* 
r is the compression ratio. 
kair = 1.4 
r = (1 — otto)! 
= (1—0.5)!/-%4 
=5.7 


Therefore, the ratio is 5.7:1. 
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CHEMISTRY-1 


The mole is a basic unit of measurement in chemistry. Which of the following is 
NOT equal to or the same as 1 mol of the substance indicated? 


(A) 22.4 L of nitrogen (N2) gas at STP 
(B) 6.02 x 107° oxygen (O2) molecules 
(C) 12 g of carbon atoms 

(D) 16 g of oxygen (Oz) molecules 


Oxygen has a molar mass of 16 g/mol. Therefore, 1 mol of Og has a 
mass of 32 g. 


The answer is (D). 


CHEMISTRY-—2 

Which one of the following is standard temperature and pressure (STP)? 
(A) OK and one atmosphere pressure 

(B) 0°F and zero pressure 

(C) 32°F and zero pressure 

(D) 0°C and one atmosphere pressure 


By definition, standard temperature and pressure is 0°C and 1 atm 
pressure. 


The answer is (D). 
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CHEMISTRY-3 


An ideal gas at 0.60 atm and 87°C occupies 0.450 L. The gas constant is R* = 
0.0821 L-atm/mol-K. How many moles are in the sample? 


(A) 0.00020 mol (B) 0.0091 mol (C) 0.0120 mol (D) 0.038 mol 


Use the ideal gas law. 


pV =nR*T 
— PV 
"= eT 


(0.60 atm)(0.45 L) _ 
an) (87°C + 273°) 


mol-K 
= 0.0091 mol 


(0.0821 
The answer is (B). 


CHEMISTRY—4 
A gas occupies 0.213 L at STP. How many moles are there in this sample of gas? 
(A) 0.0089 mol (B) 0.0095 mol (C) 0.089 mol (D) 0.095 mol 


pV = nR*T 
a A 
"= ET 
At STP, 
p=1 atm 
T = 273K 
(1.0 atm)(0.213 L) 
ý a atmL \ 
(0.0821 ax) (273K) 
= 0.009 50 mol 


The answer is (B). 
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CHEMISTRY-5 


An ideal gas is contained in a vessel of unknown volume at a pressure of 1 atmo- 
sphere. The gas is released and allowed to expand into a previously evacuated 
vessel whose volume is 0.500 L. Once equilibrium has been reached, the temper- 
ature remains the same while the pressure is recorded as 500 mm of mercury. 
What is the unknown volume, V, of the first vessel? 


(A) 0.853 L (B) 0.962 L (C) 1.07 L (D) 1.18 L 


For an ideal gas at a constant temperature, 
piVi = p2Ve 
pı = 1.0 atm = 760 mm Hg 
(760 mm Hg)V; = (500 mm Hg)(0.5 L + Vi) 
Vi = 0.962 L 


The answer is (B). 


CHEMISTRY-6 


What is most nearly the combined volume of 1.0 g of hydrogen gas (H2) and 
10.0 g of helium gas (He) when confined at 20°C and 5 atm? 


(A) 10 L (B) 12L (C) 14L (D) 16L 


Use the ideal gas law. 


pV =nR"T 
V = niota RT 
P 


Ntotal = NH, F NHe 


=(L0 g) CEE) + (10.0 g) (ae) 


2¢ Hz 4 g He 
= 3.0 mol 
(3.0 mal) (0.0821 rz) (293K) 
Ae al 
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CHEMISTRY-7 


The valve between a 9 L tank containing gas at 5 atm and a 6 L tank containing 
gas at 10 atm is opened. What is the equilibrium pressure obtained in the two 
tanks at constant temperature? Assume ideal gas behavior. 


(A) 5 atm (B) 6 atm (C) 7 atm (D) 8 atm 
Ptotal = Pi + p2 


Pn = partial pressure of gas n 


For an ideal gas at a constant temperature, 


piVi =p Vf 


= 3 atm 
6L 
= 4 atm 


Protal = 3 atm + 4 atm 


= 7 atm 


CHEMISTRY-8 


A bicycle tire has a volume of 600 cm’. It is inflated with CO» to a pressure of 
5.4 atm at 20°C. Approximately how many grams of CO% are contained in the 
tire? 


(A) 3.8¢ (B) 4.8 ¢ (C) 6.0g (D) 6.4g 
pV =nR'T 
__ pV 
"= RT 
= 3 1L _ - 
V = (600 cm”) (aoe m) = 0.6 L 
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T = 20°C + 273° = 293K 


(0.0821 4) (293K) 


= 0.135 mol 
The molecular weight of CO2, MWco,, iS 
=12 & E 
MWoo, =12 É + (16 £) (2) 


= 44 g/mol 


The mass of CO» in the tire, m, is 


m= n(MWco,) 
Z E 
= (0.135 mol) (44 £) 
=5.94g (6.0g) 


The answer is (C). 


CHEMISTRY-9 


On a hot day, the temperature rises from 13°C early in the morning to 37°C in 
the afternoon. What is the ratio of the concentration (in mol/L) of helium in a 
spherical balloon in the afternoon to the concentration of helium in the balloon 
in the morning? 


(A) 0.51 (B) 0.69 (C) 0.92 (D) 1.1 
pV =nR*T 
The concentration, C, is 


m n 
tep 
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Determine the ratio by dividing the concentration of helium in the 


balloon in the morning, C1. 


Co Th 

Ci Th 
_ 18°C +.273° 
~ 37°C + 273° 
= 0.92 


The answer is (C). 


CHEMISTRY-10 


When 0.5 g of a liquid is completely evaporated and collected in a 1 L manome- 
ter, the pressure is 0.25 atm and the temperature is 27°C. Assuming ideal gas 
behavior, what is most nearly the molecular weight? The universal gas constant 
is R* = 0.0821 L-atm/mol-K. 


(A) 10 g/mol (B) 12 g/mol (C) 30 g/mol (D) 49 g/mol 


atm-L . 
(0.5 g) (0.0821 an) (300K) 


~ (0.25 atm) (1.0 L) 
= 49.3 g/mol 


In the preceding equation, MW is molecular weight. 


The answer is (D). 
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CHEMISTRY-~11 


200 mL of oxygen gas (O2) are collected over water at 23°C and a pressure of 1 
atm. What volume would the oxygen occupy dry at 273K and 1 atm? 


(A) 179 mL 


(B) 184 mL (C) 190 mL (D) 194 mL 


At 23°C, the vapor pressure of water is 0.0277 atm. Find the pressure 
of the oxygen assuming ideal gas behavior. 


Ptotal = > partial pressures 


= PO. + Pwater vapor 


Po, = 1.000 atm — 0.0277 atm 


= 0.9723 atm 
= pi 
pıVı _ P2V2 
Ty To 


Pri \ /T 
V = | — = } V 
i (2) (z) i 
_ (Foo am) (Re 


1.000 atm ee) (200 tit) 


= 179 mL 


The answer is (A). 


CHEMISTRY-12 


8 g of AgeO (solid) are heated to produce oxygen gas (O2) as follows. 


2AgeO — > 4Ag + O2 


The oxygen gas is collected at 35°C over water. The water vapor pressure at 
35°C is 0.0555 atm. Given that the barometric pressure is 1 atm, what (wet) 
volume of Og is collected? 


(A) 415 mL 


(B) 425 mL (C) 434 mL (D) 455 mL 
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The number of moles of Ag20, nAg, is 


_ weight of substance 


NAmo = Mw 
1 mol 
= (8 2) [ace Er — ) 
8g, g = 
2 mol ES 2) (1 9 
(2 mol) (108 <=.) + (16 £) (1 mol) 
= 0.034 mol 


Since 2 mol of AgeO produce 1 mol of Oz, 


1 
NO, = (5) (0.034 mol) 
= 0.017 mol 
T = 35°C + 273° 
= 308K 


PO. = Ptotal — PH2O 
= 1 atm — 0.0555 atm 


= 0.945 atm 
pV =nR*T 
* 
Vo, = no, T 
PO, 
atm-L 
7 (0.017 mol) (0.0801 aK) (308K) 
~ 0.945 atm 


= 0.455 L (455 mL) 
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CHEMISTRY-13 
A total of 0.1 g of water is held in a closed container at 40°C. The container 
holds 500 cm. The pressure in the container is atmospheric pressure, and the 
vapor pressure of water at 40°C is 55.3 torr. Most nearly how much water is in 
liquid form at equilibrium? 
(A) There is no liquid present. 
(B) 1/2 of the water is liquid. 
(C) ?/s of the water is liquid. 
(D) 3/4 of the water is liquid. 


Use the ideal gas law to determine how much of the water is vapor. 


pV =nR*T 
_ mR*T 
~ MW 


MW is the molecular weight of the water. 


MW =2¢+16¢ 
=18¢ 
_ 55.8 torr 


760 tr 
atm 


= 0.073 atm 


E 500 mL 
~ 1000 L 


= 0.5L 
T = 40°C + 273° = 313K 


(18 g)(0.073 atm)(0.5 L) 
atm-L \ 


(0.0821 m) (313K) 


= 0.026 g 


Mwater = 
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The remainder of the H20 is liquid. 
Miquid = Mtotal — Mwater = 0.1 g — 0.026 g 

= 0.074 g 

Miquid 
Mtotal 

0.074 g 
0.1g 


fraction that is liquid = 


=0.74 (3/4) 


The answer is (D). 


CHEMISTRY-14 


Which of the following statements is FALSE for an ideal gas? 
(A) The molecules behave as solid spheres of finite radius. 


(B) pV =nR'*T 


(C) Collisions between gas molecules are perfectly elastic and result in no 
decrease in kinetic energy. 


(D) No attractive forces exist between the molecules. 


The volume of molecules in an ideal gas is not considered. Real gases 
consist of molecules of finite volume. 
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CHEMISTRY—15 


The following statements are made with regard to the boiling point of a liquid. 
Which statement is FALSE? 


(A) 


A nonvolatile substance having zero vapor pressure in solution (e.g., sugars 
or salts) has no true boiling point. 


The boiling point is the temperature at which the vapor pressure of a liquid 
equals the applied pressure on the liquid. 


Combinations of liquids having different boiling points can be separated by 
slowly raising the temperature to draw off each fraction (i.e., by fractional 
distillation). 


At high elevations, water boils at a lower temperature because of a reduc- 
tion in the surface tension of the water. 


A liquid boils when its vapor pressure is equal to the pressure of the 
surroundings. The lower boiling temperature at high elevations is due 
to the reduced atmospheric pressure, not to a change in the surface 
tension of a liquid. 


The answer is (D). 


CHEMISTRY-16 


The critical point for a mixture occurs for which of the following cases? 


(A) The vapor and liquid exist in a single form. 
(B) The liquid has no absorbed gas. 

(C) The vapor phase is stable. 

(D) The liquid is completely vaporized. 


The critical point for a mixture occurs when the vapor and the liquid 
have a form that is stable for a “critical temperature and critical 
pressure.” It is both a liquid and a vapor with no boundaries and a 
uniform composition (a single form). A few substances have a triple 
point at which a solid, a liquid, and a gas are in equilibrium. 


The answer is (A). 
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CHEMISTRY-17 

How is “molality” defined? 

(A) the number of moles of solute in 1000 g of solvent 
(B) the number of moles of solute in 1 L of solution 


(C) the number of gram-formula weights of solute per liter 
(D) the number of gram-equivalent weights of solute in 1 L of solution 


Molality is defined as the number of moles of solute per 1000 g of 
solvent. Option (B) is the definition of molarity, option (C) is the 
definition of formality, and option (D) is the definition of normality. 


The answer is (A). 


CHEMISTRY-—18 


L is a nonvolatile, nonelectrolytic liquid. A solid, S, is added to L to form a 
solution that just boils at 1 atm pressure. The vapor pressure of pure L is 850 
torr. What is the mole fraction of liquid L in the solution? 


(A) 64.3% (B) 79.4% (C) 85.7% (D) 89.4% 


A liquid boils when its vapor pressure equals the pressure of its sur- 
roundings. Thus, the vapor pressure of the solution is 760 torr. From 
Raoult’s law, 


Peolution = Psolvent(mol% of solvent) 


760 torr = (850 torr)(mol% of L) 
760 torr 

850 torr 

= 0.894 (89.4%) 


mol% of L = 


The answer is (D). 
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CHEMISTRY-19 

Which of the following postulates does Bohr’s model of the hydrogen atom in- 

volve? 

(A) The electron in an atom has an infinite range of motion allowed to it. 

(B) When an atom changes from a low energy state to a high energy state, 
it emits a quantum of radiation whose energy is equal to the difference in 
energy between the two states. 

(C) In any of its energy states, the electron moves in a circular orbit about the 
nucleus. 


(D) The states of allowed electron motion are those in which the angular 

Bohr’s model of the hydrogen atom involves the following postulates. 

1. Each atom has only certain definite stationary states of motion 
allowed to it. 

2. A quantum of energy is emitted when an atom changes from a 
higher energy state to a lower energy state. 

3. The states of allowed electron motion are those in which the an- 
gular momentum of the electron is an integral multiple of h/27. 


Thus, the only choice that is correct is option (C). 
The answer is (C). 


CHEMISTRY—20 


Which of the following diagrams best depicts the electron configuration of 
carbon? 


(A) 1s 2s 2Px 2py 2p, 
i 1s 2s 2 


Pz 
2px 2p 2p 


(C) 


2p, 7 


ý HT 
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Carbon has a total of six electrons. Electrons position themselves in 
orbitals according to the following rules. 

1. There is a maximum of two electrons per orbital. 
2. Electrons in the same orbital have different spins (+1/2). 
3. Electrons usually fill up empty orbitals before moving into the same 


orbital as another electron. 


Thus, option (D) gives the correct electron configuration of carbon. 


The answer is (D). 


CHEMISTRY-21 
Which of the following elements and compounds is reactive in its pure form? 


(A) sodium (Na) 

(B) helium (He) 

(C) carbon dioxide (CO2) 
(D) hydrochloric acid (HCl) 


Helium is an inert gas and, therefore, is not very reactive. Hydro- 
chloric acid and carbon dioxide have all of their valence orbitals filled. 
Thus, they are also not very reactive. Sodium has only one valence 
electron that is easily ionizable. Therefore, it is very reactive. 


The answer is (A). 


CHEMISTRY--22 
Two major types of chemical bonds are observed in chemical bonding: ionic and 
covalent. Which of the following has a bond that is the least ionic in character? 


(A) NaCl (B) CH, (C) He (D) H20 


The electronegativity difference between two similar atoms is zero. 
Therefore, the Hz bond is completely covalent. It has no ionic bond 
characteristics. 


The answer is (C). 
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CHEMISTRY-23 

Which of the following statements is FALSE? 

(A) It is not possible for bonds between a pair of atoms to be different (e.g., 
different bond lengths or bond energies) in different compounds. 

(B) The bond length for a pair of atoms is the point of lowest energy. 

(C) The electrostatic repulsion between two nuclei increases as the atoms are 
brought together. 

(D) The repulsion between two nuclei increases as their charge increases. 
It is possible for bonds between a pair of atoms to be different in 
different compounds. For example, there is more than one type of 


The answer is (A). 


CHEMISTRY-—24 


Which of the following statements is FALSE? 

(A) For a diatomic molecule, the bond dissociation energy is the change in 
the enthalpy of the reaction when the diatomic molecule is separated into 
atoms. 

(B) The average bond energy is the approximate energy required to break a 
bond in any compound in which it occurs. 

(C) The energy released when a gaseous molecule is formed from its gaseous 
atoms can be estimated using average bond energies. 

(D) The change in enthalpy is negative when energy is absorbed in the forma- 
tion of a compound from its elements. 


The change in enthalpy is negative for the formation of a compound 
from elements when energy is released in the process. 


The answer is (D). 


CHEMISTRY-—25 
Which of the following is the correct Lewis structure for sulfur dioxide? 


5 Ss 
A) Fes (B) we 
o o ‘O° g: 
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Sulfur and oxygen each have six valence electrons. Thus, there are 
a total of 18 valence electrons in SOz. Therefore, there is one single 
S—O bond and one double S=O bond. The Lewis structure of sulfur 
dioxide is as follows. 


The answer is (B). 


CHEMISTRY-26 


The molecule methane, CH4, is often represented by the following structural 
formula. 


H—C—H 


What is the actual geometric shape of the molecule? 
(A) linear 
(B) square planar 
(C) planar, but not 90° bond angles 
(D) tetrahedral 
The structure of methane is as follows. 


H 


H 


In the tetrahedral structure, bond angles are maximized and repul- 
sions minimized, with bond angles of 109°. 


The answer is (D). 
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CHEMISTRY—27 


SO; has a structural formula represented as a resonance hybrid. 


Koj 0: 10° ‘0. ‘or ü: 
APA NF N 74 
Ss << $ ~~». $ 
| | {| 
:0: :0: :0: 


Which of the following is a true statement about the meaning of such a structure? 
(A) One-third of the SOs molecules exists as each of the three structures shown. 


(B) The true structure is a combination of the three with each S == O bond 
identical to another. 


(C) The molecule fluctuates between the three structures. 
(D) The arrows indicate equilibrium where an actual chemical reaction is taking 


place. 


The true structure is a combination with each bond identical, some- 
where between a single and a double bond. 


The answer is (B). 


CHEMISTRY—28 

Which of the following chemical equations is incorrect? 
(A) S + Fe — FeS 

(B) ZnSO, + NagS — ZnS + Na2SO4 


B) 
(C) H504 + ZnS > ZnSO, + HS 
(D) ZnS + Oz + SO2 + ZnO 


The equation in option (D) does not balance. It needs #/202 on the 
left side. The equation ZnS + 3/202 + SO2 + ZnO would be correct. 


wer is (D). 
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CHEMISTRY-—29 


unbalanced chemical equation. 
NagCO3 + HCl — NaCl + H20 + CO» 


What is the smallest possible whole-number coefficient for NagCOg3 in the bal- 
anced equation? 


(A) 1 (B) 2 (C) 4 (D) 5 
The simplest balanced equation is 


NazCO3 + HCl — 2NaCl + H20 + CO, 


The smallest whole-number coefficient for NagCQOz3 is 1. 


The answer is (A). 


CHEMISTRY-30 


Which of the following is the result of the reaction given? 


5802 + 2KMnO, + 2H20 — ? 


(A) 2Mn8Oq4 + KeSO4 + 2H2S0,4 

(B) 2Mn50, + K250: + HSO4 + H2O 
(C) 2MnSO, + K250, + HeSO,4 

(D) MnSOq4 + 2K2SO4 + 2H2SO04 


we NA 


Only the products listed in option (A) would balance the elements on 
the right and left sides of the equation. 
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CHEMISTRY-31 
What is the balanced form of the equation given? 


H20 + P4 + OHT — PH; + HgPO, 


(A) 40H- + 4P4 + H20 — 6H2PO, + 2PH3 
(B) P4 + H20 — H2POZ + 3PH3 

(C) 80H- + 2P; + 2H20 — HPO; + PH3 
(D) 30H- + P4 + 3H20 —> 3H2PO; + PH 


The two half reactions are 


80H- + Py — 4H;PO3 +4E7 
12E7 + 12H20 + P4 — 4PH; + 1200H- 


Multiplying the top equation by 3 and adding the two equations 
together yields 


120H7 + 4P4 + 12H20 — 12H2PO, + 4PH3 


In order to reduce the equation to the lowest whole number coeffi- 
cients, divide by 4. 


30H” + P4 + 3H20 — 3H2POz + PH3 


The answer is (D). 


CHEMISTRY-~32 


Which of the following chemical reactions relates to the softening procedure in 
water purification? 


(A) CO2 + Ca(OH)2z — CaCO; + H20 

(B) Ca(HCO3)2+ Ca(OH)2 — 2CaCO3 + 2H20 
(C) 2H20 + O2 —+ 2H202 

(D) NaOH + HCl — NaCl + H20 


Option (B) gives the chemical reaction for adding lime to hard water 
in order to remove calcium salts. The resulting calcium carbonate 
precipitate can be removed by sedimentation. 


The answer is (B). 
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CHEMISTRY—33 
A substance is oxidized when which of the following occurs? 


(A) It turns red. 

(B) It becomes more negative. 
(C) It loses electrons. 

(D) It gives off heat. 


By definition, a substance is oxidized when it loses electrons. 


The answer is (C). 


CHEMISTRY-—34 


In order to assign oxidation states in polyatomic molecules, which of the following 
rules is followed? 


(A) The oxidation of all elements in any allotropic form is zero. 
B) The oxidation state of oxygen is always —2. 

(C) The oxidation state of hydrogen is always +1. 
D) 


All other oxidation states are chosen such that the algebraic sum of the 
oxidation states for the ion or molecule is zero. 


Option (B) is false because it does not take into account the peroxides 
in which the oxidation state of O is —1. Option (C) is false because 
it does not account for hydrogen combined with metals, where its 
oxidation state is —1. Option (D) is wrong because the sum of the 
oxidation states should equal the net charge on the ion or molecule. 
Thus, only option (A) is correct. 


The answer is (A). 
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CHEMISTRY-—35 
What is the oxidation state of nitrogen in NO3? 


(A) -1 (B) +1 (C) +3 (D) +5 


The oxidation state of O is —2, and the net charge on the ion is —1. 
The oxidation state of nitrogen is given as follows. 


3(oxidation state of O) + (oxidation state of N) = —1 
(3)(—2) + (oxidation state of N) = —1 
oxidation state of N = +5 


CHEMISTRY—36 
What is the oxidation number of Cr in the dichromate ion (CrzO7)~?? 
(A) -1 (B) 0 (C) 3 (D) 6 


The oxidation number of O is —2. Therefore, the oxidation number 
of Oy is —14. The charge on the ion is —2, so the charge on Cra is 
12. Thus, the oxidation number of Cr is 6. 


The answer is (D). 


CHEMISTRY-37 


Given the following information, determine the oxidation state of nitrogen in 
nitric acid, HNO3. 


oxidation state formula name _ 
1 HCIO _shypochlorous acid 
3 HClO, chlorous acid 
5 HClO; chloric acid 
7 HClO, perchloric acid 
3 HNO, nitrous acid 
(A) 2 (B) 3 (C) 4 (D) 5 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


= Ga = = = 


7-22 1001 SOLVED ENGINEERING FUNDAMENTALS PROBLEMS 


The outer shell of oxygen is 2 electrons short of being full (inert gases 
have a full shell). Thus, the oxidation number of oxygen is 2 for both 
ions. By adding another oxygen atom to nitrous acid, the oxidation 
level is increased by 2. This situation compares directly with that of 
HClO, and HCIO3. Thus, the oxidation state of nitric acid is 5. 


CHEMISTRY-38 


Which are the oxidizing and reducing agents in the following reaction? 


2CCly + KeCrO4 — 2Cl2CO + CrO2Cl + 2KC1 


(A) oxidizing agent: chromium; reducing agent: chlorine 

(B) oxidizing agent: oxygen; reducing agent: chlorine 

(C) oxidizing agent: chromium; reducing agent: oxygen 

(D) There are no oxidizing or reducing agents in this reaction. 


The oxidation state of chromium is 6 in each compound. Carbon 
remains with a +4 oxidation state throughout the reaction. The oxi- 
dation states of both chlorine and oxygen remain the same throughout 
this reaction. Thus, nothing is oxidized or reduced in the reaction. 


The answer is (D). 


CHEMISTRY-39 


A volumetric analysis of a gaseous mixture is as follows. 


CO2 12% 
O2 4% 
Nə 82% 
CO 2% 


What is the percentage of CO on a mass basis? 
(A) 0.5% (B) 0.8% (C) 1% (D) 2% 
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name vol, (%) _mole frac. (mol%) mol. wt. mass (g) 


CO; 12 0.12 x = 5.3 
Oz 4 0.04 x 32 = 1 
No 82 0.82 x 28 = 23 
(are) 2 0.02 x 8 = _06 
30.0 


The total mass of the mixture is 30.08 kg. Thus, the mass percentage 
of CO is given as follows. 
0.6 g 


mass % of CO = 30.0 E 


=0.02 (2%) 


The answer is (D). 


CHEMISTRY-40 


What is the empirical formula for a compound that has the following composition 
by mass? 
element mass % 


Si 30.2 
oO 8.59 
F 61.2 
(A) SiOF4 (B) SigOF 4 (C) Siz0F 6 (D) SisOF 5 
element mass (%) mass (g, based on 100 g) moles mole (mol?) 
Si 30.2 30.2 1.075 22.2 
O 8.59 8.59 0.537 11.1 
F 61.2 61.2 3.221 66.6 


omes * 
F 666g o 
O ilig 
O_llig_, 
O ilig 


Therefore, the simplest formula is SizOF¢. 


The answer is (C). 
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CHEMISTRY-41 


The following equation describes the decomposition of potassium chlorate to 
produce oxygen gas. 


2KC103 — 2KCl (solid) + 302 (gas) 


Approximately how many grams of KClO; must be used to produce 4.00 L of 
Oz (gas) measured at 7400 torr and 30°C? 


(A) 110 g (B) 120 g (C) 130 g (D) 140 g 
4 
p= TAL o = 9.74 atm 
760 —— 
atm 
V=4L 
T = 30°C + 273° = 303K 
pV =nR*T 
pV 
"= RT 
(9.74 atm)(4.00 L) 


~ atm-L 
(0.0821 ami) (303K) 


= 1.57 mol 


no. of moles KClO 


no. of moles of Oz i tal 


no. of moles KC1O3 needed = € a) (1.57 mol) 
3 mol 
= 1.05 mol 

MWxcio, = 39.1 2 +35.5 & + (16 £) (3 mol) 
mol mol mol 
= 123 g/mol 
no. of grams KClOg = (1.05 mol) (123 2) 
mol 


=129g (130g) 


The answer is (C). 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


CHEMISTRY 7-25 


CHEMISTRY—42 
Determine which of the statements is true, given the following facts. 


1. A 40 L sample of Hz (gas) at 10°C and 740 torr is added to a 75 L sample 
of Og (gas) at 20°C and 730 torr. 


2. The mixture is ignited to produce water. 
(A) There is an excess of Oz greater than 0.2 mol. 
(B) There is an excess of Hy greater than 0.2 mol. 
(C) There is H20 only. 
(D) There is an excess of Ho less than 0.2 mol. 
The stoichiometric equation is 


He + 402 — H0 


The number of moles of each gas initially present is 


pV 
n = T 
740 torr 
torr (40 L) 
= atm 
atm-L 
10° 2 : 
(10°C + 273°) (0 0821 aK) 
= 1.7 mol 
pv 
no: = ET 
ot) asn 
760 — 
= _atm 
F ~ atm L 
20° °) (0. = 
(20°C + 273°) (0 082 am) 


= 3.0 mol 


For each mole of H20 formed, 0.5 mol of Oz and 1 mol of Hz are 
required. The oxygen necessary to completely react with 1.7 mol of 
H; is given by 
1.7 mol 
2 


= 0.85 mol 


a 
Il 
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Therefore, there is an excess of Oz. The amount of Oz extra is 


3.0 mol — 0.85 mol = 2.15 mol 
The answer is (A). 


CHEMISTRY--43 


If 2.25 g of pure calcium metal are converted to 3.13 g of pure CaO, what is the 
atomic weight of calcium? The atomic weight of oxygen is 16 g/mol. 


(A) 28 g/mol (B) 33 g/mol (C) 37 g/mol (D) 41 g/mol 
The stoichiometric equation is 
Ca + O — CaO 
One mol of oxygen and 1 mol of calcium are required to make 1 mol 
of CaO. 


13 g — 2. 
‘ee 3g-2.25 ¢g 


= 0.055 mol 
Noa = 0.055 mol 
B 225g 
~ atomic weight of Ca 
2.25 g 
0.055 mol 
= 41 g/mol 


atomic weight of Ca = 


The answer is (D). 
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CHEMISTRY—44 
Methane, CH4, burns to form CO, and H20 according to the equation 


CH4 + 202 — CO» + 2H20 


How many grams of CO2 will theoretically be formed when a mixture of 50 g of 
CH, and 100 g of Oz is ignited? 


(A) 34g (B) 68 g (C) 69 g (D) 72g 


n= = 


MW 


In the preceding equation, m is the mass of compound and MW is 
the molecular weight of compound. 


NCH = r 
12 + (455) C oi) 
= 3.125 mol 
io 3 100 g z 
(2 Sa) (6 aai) 
= 3.125 mol 


Since 1 mol of CH, and 2 mol of O2 are needed for each mole of CO2 
formed, Oz is the limiting reactant. 


no. of moles COs formed 
no. of moles Og ignited 


1 mol 
nco, = (3.125 mol) G = 


= 1 mol/2 mol 


= 1.563 mol 


MCO: = Nco,MWco, 


= (1.563 mol) (44 =) 


mol 
=69¢ 


The answer is (C). 
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CHEMISTRY-—45 


Determine the mole percent of COz in the products of combustion of CgHig 
when 200% theoretical air is used. 


(A) 5.5% (B) 6.5% (C) 7.5% (D) 8.5% 


The formula for theoretical air is O3 + 3.76N2. For 200% theoretical 
air, the stoichiometric equation is 


CgHig + 25(O2 + 3.76N2) —> 8CO2 + 9H20 + 12.502 + 94N3 


The mole percent of CO is given by the ratio of the number of moles 
of CO2 formed to the total number of moles formed. 


a 8 mol 
8 mol + 9 mol + 12.5 mol + 94 mol 


= 6.5% 


%CO2 = 


The answer is (B). 


CHEMISTRY—46 


Approximately what volume of Oz at 298K and 1 atm is required for complete 
combustion of 10 L of C2He (gas) at 500K and 1 atm? The combustion equa- 
tion is 

702 + 2C2Hg — 6H20 + 4CO2 


(A) 16 L (B) 19L (C) 21L (D) 22 L 
Assume ideal gas behavior. 
pV 
S T 
— (1.0 atm)(10 L) 
— voa, atm-L 7 
(0.0821 =x} (500K) 
= 0.24 mol 
"©2__ 7 mol/2 mol 
NCaHg 
7 mol\ ate 
NO, = EJ (0.24 mol) 
= 0.84 mol 
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The volume of 1 mol of ideal gas at STP (standard temperature and 
pressure) is 22.4 L. Therefore, the volume of Oz required at 298K is 


L 
Vo, = (0.84 mol) (1.09) (24 =) 
= 20.6 L 


The answer is (C). 


CHEMISTRY—47 


One gram of gas made up of carbon and hydrogen is ignited in excess oxygen to 


produce 3.30 g of CO2 and 1.125 g of H20. What is the empirical formula of the 
compound? 


(A) CH (B) CH3 (C) C2H3 (D) CsHs 
The stoichiometric equation is 
C,H, + (z + A Og —» xCO2 + 5H20 
MWco, = 44 g/mol 
MW3g,0 = 18 g/mol 


z = moles of C = moles of CO 


= 0.0750 mol 
y = moles of H = 2(moles of H20) 


1.125 g 
18 — 
mol 


= 0.125 mol 
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xz C atoms 

y ~ H atoms 
_ moles of C 
_ 0.075 mol 
~ 0.125 mol 


= 3/5 


Thus, the empirical formula of the gas is C3Hg. 


The answer is (D). 


CHEMISTRY—48 


Complete combustion of 13.02 g of a compound (C,Hy,) produces 40.94 g CO 
and 16.72 g of H20. Determine the empirical formula of the compound. 


(A) CH (B) CHe (C) CH4 (D) CH0 
The stoichiometric equation for combustion is 


y 
C-H, + (z + Z) Os — C02 + 44,0 
m 


MW 


n = 


In the preceding equation, m is the mass of compound and MW is 
the molecular weight. 


= 0.93 mol 


=ne 


Therefore, 
nc = 0.93 mol 
16.72 g 
NH20 = E 


mol 
= 0.93 mol 
nH 
2 
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ny = 1.86 mol 


no _ 0.93 mol 
my 186 mol 
=1/2 


Therefore, the empirical formula for the compound is CH2. 


The answer is (B). 


CHEMISTRY—49 


When 0.01 mol of a substance consisting of O, H, and C is burned, the following 
products are obtained. 


1. 896 cm? of CO% at standard temperature and pressure (STP) 
2. 0.72 g of water 


It is also found that the ratio of oxygen mass to the mass of H plus C in the 
substance is 4/7. What is the chemical formula of the substance? 1 mol of CO2 
has a volume of 22400 cm? at STP. 


(A) CHO, (B) CyHe02 (C) CH202 (D) CaHs02 


The stoichiometric equation is 


y z y 
CoHyOz + (x + 2 ~ 5) O2 — 2C02 + 5H20 


1.0 mol ) 


= 2 3 
=p p) (z 400 cm? 


= 0.04 mol 


0.04 mol 
nH 
a 
ny = 0.08 mol 
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Thus, there are 0.04 mol C and 0.08 mol H in 0.01 mol of the substance 
C,H,O,. For 1 mol of C;H,O;, there are z = 0.04/0.01 = 4 mol of 
C and y = 0.08/0.01 = 8 mol of H. 


g 
mass of O (16 =) (z mol) 
mass of H + mass of C + 7 E 
(maat (1 a ema (12 mal 


= 4/7 
16z 
z=2 mol 


Thus, the formula is C4HgQo. 


The answer is (D). 


CHEMISTRY-50 


What is most nearly the melting point of sodium chloride, given that the heat 
of melting is 30 kJ/mol, and the associated entropy change is 28 J/mol-K? 


(A) 370K (B) 880K (C) 930K (D) 1100K 


For the phase change, 
AG = AH —-T,,AS =0 


AH 


Trys = 

© AS 

30 000 ES 
mol 


28 


mol-K 


=1071K (1100K) 


The answer is (D) 
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CHEMISTRY-51 
The temperature of 100 g of liquid water at 0°C is raised by 1°C. The number 
of calories consumed is most nearly 
(A) 1.2 cal (B) 4.2 cal (C) 99 cal (D) 100 cal 


By definition, 1 cal is the energy needed to heat 1 g of liquid water 
by 1°C. Therefore, the heat needed to heat 100 g of water by 1°C is 


q = me,AT = (100 g) ( = 


z =) (1°C — 0°C) = 100 cal 


The answer is (D). 


CHEMISTRY-52 


Ice with a volume of 50 cm? and at a temperature of 0°C is added to 100 g of 
water at 20°C. Assume that there is no spurious heat loss. The density of ice is 
0.92 g/cm, and the heat of fusion of ice is 1.44 kcal/mol at 0°C. Approximately 
how much ice is left unmelted after the mixture reaches thermal equilibrium? 


(A) 13 cm? (B) 19 cm? (C) 23 cm? (D) 39 cm? 


The ice will melt until the temperature of the water reaches 0°C. The 
heat necessary to lower the water temperature from 20°C to 0°C is 


q = mcpAT 
= (100 g) (: =) (20°C) 
= 2000 cal 


The heat necessary to melt all the ice is 


VH, 
a= pV hes = Set 


92 E) (50 cm? = 
(0.92 =n) (50 cm) (1o =) 


ig E. 


mol 


= 3680 cal 
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The amount of unmelted ice is 


3680 cal 
= 22.83 cm? (23 cm) 


V = (60 em’) (= cal — 2000 ay 


(©). 


The answer is 


CHEMISTRY-53 
What is most nearly the final temperature when 10 g of copper and 20 g of lead 
at —100°C are added to 50 g of H20 at 50°C? Disregard spurious heat losses. 
The atomic weight of copper is 63.55 g/mol, and the specific heat of lead is 0.032 
cal/g-°C (0.134 J/g:°C). 
(A) 33°C (B) 38°C (C) 39°C (D) 45°C 

The law of Dulong and Petit is 


(atomic weight) [in g/mol] 


x (specific heat) [in cal/g:°C] 
cal J 
= (64 ate) (4.184 Z) 
= 26.8 J/mol-°C 


Since there are no spurious heat losses, the heat loss by the water 
equals the heat gained by the copper and lead. 


q = mcpAT 
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In the preceding equation, m is the mass (in grams), Cp is the specific 
heat capacity, and AT is the change in temperature. 


cal 
& or 
(10 g) mol-°C 
cal ; : an g 
(50 g) ( =) (50°C — T+) = 63.55 = 


cal 


+ (20 g) (0.032 ae) 
x (Ty = (—100°C)) 
Ty =45.21°C (45°C) 


The answer is (D). 


CHEMISTRY-—-54 


A bomb calorimeter is used to determine thermal properties. What is most nearly 
the enthalpy of reaction (in kcal/mol) of the combustion of glucose (molecular 
weight = 180 g/mol) when 2.22 g of glucose are ignited, and the water in the 
well-insulated calorimeter rises in temperature from 18.00°C to 23.19°C? Assume 
that the water absorbs all of the heat given off. 


bomb calorimeter 


(A) 100 kcal/mol (B) 320 kcal/mol 
(C) 510 keal/mol (D) 730 kcal/mol 
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q=mc,AT 
E 
gu,o = (1200 g) ( 55) (23.19°C — 18.00°C) 
== 6228 cal 
dglucose = 6228 cal 
j= m 
~ MW 
2.22 g 
Neg} => — 
‘giucose 180 £ 
mol 
= 0.0123 mol 
j 6228 cal 
r enthalpy = ——22 S% 
molar enthalpy 0.0123 mol 


= 506.34 kcal/mol (510 kcal/mol 


The answer is (C). 


CHEMISTRY-55 


What is most nearly the standard heat of reaction, AH °, per mole of CgHg for 
the following reaction? 
CeHe(g) — 3C2Ha(g) 


The enthalpy of reaction for C2H2 is 226757 J/gmol; for CgHe, it is 82923 
J/gmol. 


(A) —650 kJ (B) —600 kJ (C) 600 kJ (D) 650 kJ 


NCeHe = 1 mol 


NCH = 3 mol 
He, = So nih? 
i 
= 82923 J/mol (82.9 kJ) 


Hp = > nih? 
i 


reactants 


products 


= (3 mol) (22 757 =a) 
mol 


= 680300 J (680.3 kJ) 
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AH? = HS — Ê$, 

= 680.3 kJ — 82.9 kJ 

=597.4kJ (600 kJ) 


The answer is (C). 


CHEMISTRY—56 


The heats of reaction for three equations are as follows. 


I. —2CgH2 — 502 + 4CO2 + 2H20 = —620000 cal 
II. = O2+ CO2 -C = — 96960 cal 
TII. — Oz + 2H20 — 2H20 — 2H; = —136 800 cal 


What is the heat of formation of C2H3? 


(A) 4.14 kcal/mol (B) 45.7 kcal/mol 
(C) 47.7 kcal/mol (D) 95.7 kcal/mol 


Adding (—Eq. I) + 4(Eq. II) + (Eq. III) gives the formation of 2 mol 
of C2H3. 


2C2H2+502—4C02—2H20 620 000 cal 
—402+4C02 —4C —387 840 cal 
— Oo +2H20 —2H, = —136 800 cal 


Therefore, 
2C2He — 40 — 2H. = 95 360 cal 


Because Hz and C are at the standard reference state, ho = 0, and 
hy, = 0. Therefore, 


2ho sn, = 95360 cal 
47680 cal/mol (47.7 kcal/mol) 


hose 


The answer is (C). 
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CHEMISTRY-57 


A chemical reaction involving the collision of two molecules of A and B goes 
through the following energy profile. 


Az + Bz — 2AB 


potential 
energy 


reaction coordinate 


The energy, Æ, shown on the diagram represents which of the following? 


(A) entropy of reaction 

(B) enthalpy of reaction 

(C) forward activation energy 
(D) reverse activation energy 


activation 
energy 


activation 


energy ag 
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E is the energy required for the reverse reaction (A—A + B-B —> 
A-—B + A-B) to proceed. Thus, Æ is the reverse activation energy- 


CHEMISTRY—58 


Reactions generally proceed faster at higher temperatures because of which of 
the following? 

(A) The molecules collide more frequently. 

(B) The activation energy is less. 

(C) The molecules are less energetic. 

(D) Both options (A) and (B). 


At higher temperatures, the molecules travel faster and, therefore, 
have a higher kinetic energy. This means that the molecules will 
collide more frequently and that the activation energy for a chemical 
reaction will be smaller. 


The answer is (D). 


CHEMISTRY-59 


Which of the following statements is FALSE? 


(A) In general, as reaction products are formed, they react with each other and 
re-form reactants. 


(B) The net rate at which a reaction proceeds from left to right is equal to the 
forward rate minus the reverse rate. 


(C) At equilibrium, the net reaction rate is zero. 


(D) The differential rate law is the mathematical expression that shows how 
the rate of a reaction depends on volume. 


The differential rate law is the mathematical expression that shows 
how the rate of a reaction depends on concentration, not volume. 
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CHEMISTRY-60 
For the reaction 3A + 2B — C + D, the differential rate law is 


1\ dA dC aren 
Sees BM n B m 
G) dr dt EAB] 

Which of the following statements is FALSE? 

(A) The order of the reaction with respect to A is called n. 

(B) The sum of n +m is called the overall order of the reaction. 


(C) The exponents of [A] and [B], n and m, are not necessarily equal to the 
stoichiometric coefficients of A and B in the net reaction. 


(D) The overall order for the reaction can be predicted by or deduced from the 
equation for the reaction. 


The order for the reaction must be found experimentally and cannot 
be determined from the equation for the reaction. 


The answer is (D). 


CHEMISTRY-61 


Which of the following statements is FALSE? 
(A) When the temperature is raised, the rate of any reaction is always increased. 


(B) In general, when any two compounds are unmixed, a large number of re- 
actions may be possible, but those which proceed the fastest are the ones 
observed. 


(C) It is possible to influence the products of a chemical change by controlling 
the factors which affect reaction rates. 

(D) Heterogeneous reactions are the reactions that take place at the boundary 
surface between two faces. 


When temperature is increased, the rates of most reactions increase. 
However, the rates of some reactions do decrease. 


The answer is (A). 
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CHEMISTRY-62 


The following rate expression was found to accurately represent the kinetics of 
a chemical reaction. 


= kC? CB 


If C represents concentration in units of mol/L, what are the units of the rate 
constant, k? 


(A) unitless (B) s7! (C) L/mol-s (D) L?/mol?-s 


The reaction rate always has units of mol/L-s. The units of k may be 


found as follows. 
mol _ „ (mol” (mol 
Ls L L 


The answer is (D). 


CHEMISTRY- 63 


Let C represent the concentration of a reagent. For a first-order reaction, what 
would a plot of InC versus t yield? 


(A) a straight line whose slope is —k 

(B) a straight line whose slope is k 

(C) a logarithmic curve approaching a value of k 
(D) an exponential curve approaching a value of k 


For a first-order reaction, 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


š # = a = =. 2 


7-42 1001 SOLVED ENGINEERING FUNDAMENTALS PROBLEMS 


In the preceding equation, k is the rate constant and c is the concen- 
tration. 


la C = —kt + ln Co 


This is of the form y = ax + yo. Therefore, the graph is a straight 
line with a slope of —k. 


The answer is (A). 


CHEMISTRY-—64 


The following kinetic data were collected for a specific chemical reaction. What 
is the rate constant for the reaction? 


reaction: A + B — 


experiment Ca (mol/L) Cg (mol/L) initial rate (mol A/L-s) 
0.0010 


1 0.10 0.10 
2 0.20 0.10 0.0020 
3 0.30 0.10 0.0030 
4 0.10 0.20 0.0010 
5 0.10 0.30 0.0010 
(A) 0.01 s~! (B) 0.02 s7? 
(C) 0.02 L/mol-s (D) 0.03 L/mol-s 


First, determine the rate law. Experiments 4 and 5 show that the 
rate is not a function of cg. Experiments 1, 2, and 3 show that the 
rate is directly proportional to ca. Therefore, 


r= kA 
i r 
k= 

Ca 
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Use the data from experiment 1 to determine k. 
ann MO 
0.0010 —— 

~ mol 

0.10 —— 


= 0.01 s7! 


The answer is (A). 


A certain temperature-dependent reaction proceeds 10 times faster at 500K than 
it does at 300K. Approximately how much faster will it react at 1000K than it 
does at 300K? 


(A) 10 (B) 20 (C) 30 (D) 60 
r= kf(C;) 
k=A (exp ( ay) 
In the preceding equation, E4 is the activation energy. 


Therefore, 


oe eae | 1 
an= (a = sik) 


Ea 
= = 1726.94 
R* 


T1000 _ ’ 1 1. 
Tag F (a727 E mk) ) 


=56 (60) 


The answer is (D). 
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CHEMISTRY-66 


A reaction rate is observed to triple as the result of raising the temperature from 
0°C to 20°C. What is most nearly the activation energy of the reaction? (R* is 
the universal gas constant.) 


(A) 3900R* (B) 4400R* (C) 4700R* (D) 5100R* 


r= Cexp (-) 


In the preceding equation, C is a constant, and E4 is the activation 
energy. 


2- (o(%)) (F -5) 


1 fen (F4\\ f ____) _ 
3 OP | Re 0°C +273° 20°C + 273° 
1 
3 


ln = _Ea l — E 
Re \ 973K 293K 
R* ln i 
"e 
273K 293K 


= 4394R* (4400R*) 


The answer is (B). 


CHEMISTRY -67 


In the troposphere, ozone is produced during the day and consumed during the 
night. Determine the half-life of ozone if it is depleted to 10% of its initial value 
after 10 h of darkness. 


(A) 3.0 h (B) 3.5 h (C) 4.0 h (D) 4.5 h 
C = Coe ™t 
Cio = 0.1Co 
0.1 = e7 10% 
In0.1 
age 
= —0.2303 h`! 
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In the preceding equation, t1/2 is the half-life. 


Cija = 0.5Co 
0.5 = e70 2303t1/3 
„bhos 
"1/2 = — 0.2303 h`! 
=3.0h 


The answer is (A). 


CHEMISTRY-68 
Which of the following statements is FALSE? 


(A) 
(B) 
(C) 


(D) 


7-45 


In considering chemical equilibrium, the relative stabilities of products and 


reactants are important. 


In considering chemical equilibrium, the pathway from the initial state to 


the final state is important. 


In treating reaction rates, the rate at which reactants are converted to 


products is important. 


In treating reaction rates, the sequence of physical processes by which re- 


actants are converted to products is important. 


Considerations of chemical equilibrium do not take into account the 


pathway from initial to final states. 


The answer is (B). 


CHEMISTRY-—69 


Consider the following reaction at equilibrium. 


3H2 (gas) + Nz (gas) = 2NH3 (gas) AH = —11.0 kcal/mol 


Which single change in conditions will cause a shift in equilibrium toward an 
increase in production of NH3? 


(A) 
(B) 
(C) 
(D) 


removal of hydrogen gas 

increase in temperature 

increase in volume of the system 
increase in pressure on the system 
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According to Le Chatelier’s principle, the effects of each change in 
condition are as follows. 


removal of hydrogen shifts equilibrium to the reactants 
increase in temperature shifts equilibruim to the reactants 
increase in volume shifts equilibrium to the reactants 
increase in pressure shifts equilibrium to the products 


The answer is (D). 


CHEMISTRY-—-70 


Consider the following reaction at equilibrium. 
$N + 3H = NH; AH = —11.0 kcal/mol 


What would be the expected effect on the amount of NH3 produced under each 
of the following conditions? 


I. raise the temperature 
II. compress the mixture 
III. add additional H3 


I: decrease, II: increase, III: increase 
I: increase, IT: increase, III: decrease 
I: increase, II: decrease, III: decrease 
I: decrease, II: increase, III: decrease 


(A) 
(B) 
(C) 
(D) 


According to Le Chatelier’s principle, each change has the following 
effects. 


I. raise the temperature: shifts equilibrium to the reactants0. because the 
reaction is exothermic 
II. compress the mixture: shifts equilibrium to the products because prod- 
ucts contain a smaller number of moles 
III. add hydrogen gas: shifts equilibrium to the products because adding 
addtional reactants will force the formation of more products 
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CHEMISTRY-71 
Consider the following reaction. 
MgSO; (solid) = MgO (solid) + SOx (gas) 


What is the equilibrium constant for the given reaction? 


__ Mg][SOs] py 4, — _/Mg8O4] 
(A) k= Reso, ®© F= Mojo] 
(C) k = [MgO] [S03] (D) k = [SO3] 


Solids have a concentration of 1. Therefore, k = [S03]. 


The answer is (D). 


CHEMISTRY-72 


The solubility of barium sulfate, Ba804, is 0.0091 g/L at 25°C. The molecular 
weight of barium sulfate is 233 g/mol. What is the value of the solubility product 
constant kep for BaSO4? 


(A) 1.52 x 107? mol?/L? 
(B) 4.24 x 1078 mol?/L? 
(C) 8.63 x 1077 mol?/L? 
(D) 2.98 x 1078 mol?/L? 
BaSO,(s) = Ba?* (ag) + S027 (aq) 
kep = [Ba’*][SO77] 


[BaS04] = (0.0091 £) (Gas) 
= 3.9 x 107° mol/L 
[Ba?+] = [SO}"] = [BaSOy) 
ksp = (39 x 10-8 mal)" 
L 


= 1.52 x 107? mol/L? 
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CHEMISTRY~—73 


Consider the reaction shown. 
Ha (gas) + Iz (gas) = 2HI (gas) 


With keq = 25, determine the number of moles of Hy remaining when 1 mol each 
of Hz and I, reach equilibrium in a 1 L vessel. 


(A) 1/6 mol (B) 2/7 mol (C) 5/7 mol (D) 5/6 mol 


Hz (gas) + Ig(gas) = 2HI (gas) 


initial moles 1 1 0 
final moles 1 -z l=gz 2r 
42 
[e =| 
k= 4 L] es 
~ fa, 22] fp, mol 
2T fi 
_ (2x)? 
~ (l= z)(1-2) 
= 25 
Ag? 
m-a” 


4r? = (25)(1 — 2r + x”) 
21x? — 502 +25 = 0 


+50 + y/ (50)? — (4)(25)(21) 
(2)(21) 
= 5/3 mol or 5/7 mol 


r= 


Only the second value for « makes sense, because the first value is 
greater than the initial amounts of He and Ig. Thus, the remaining 
number of moles of He at equilibrium is 1 — 5/7 = 2/7 mol. 
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CHEMISTRY—74 


Consider the reaction. 
A+B=2C 


With keg = 50, what is most nearly the final concentration of C when 1 mol of 
both A and B are added to a 1 L container containing 0.1 mol of C? 


(A) 0.77 mol (B) 0.95 mol (C) 1.5 mol (D) 1.6 mol 
A + B => 20 
(mol) (mol) (mol) 
initial moles 1 1 0.1 
final moles l-gz l-z 2g + 0.1 


_— (2x+0.1mo)? č č ™ 
~ (Lmol—g)(1 mol =z) 


4z? + 0.42 + 0.01 = 50g? — 100x + 50 
46x? — 100.42 + 49.99 = 0 
x = 0.7685 mol or 1.4141 mol 


However, x cannot be 1.4141 mol because this is greater than the 
initial amounts of A and B, and this value would make 1 — z negative. 
Therefore, x = 0.7685 mol. The final number of moles of C is 27 = 
(2)(0.7685 mol) = 1.537 mol. 


2x + 0.1 = (2)(0.7685 mol) + 0.1 = 1.637 mol (1.6 mol) 


The answer is (D). 
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CHEMISTRY-—75 


The voltage of a galvanic cell does NOT depend on which of the following pa- 
rameters? 


(A) concentration of solutions 
(B) temperature of solutions 
(C) pressure of solutions 

(D) volume of solutions 


The cell potential is dependent on all of the above except volume. 


The answer is (D). 


CHEMISTRY—76 


Given the electrochemical cell shown, what is the reaction at the anode? 


(A) Cu — Cu?+ + 2e7 
(B) Cu?t + 2e% — Cu 
(C) Zn — Zn2+ + 26- 
(D) Zn?t + 2e— — Zn 


Zinc has a higher potential and will, therefore, act as the anode. By 
definition, the anode is where electrons are lost. Thus, the reaction 
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CHEMISTRY—77 
Which of the following statements regarding a galvanic cell is FALSE? 


(A) 
(B) 
(C) 
(D) 


A negative value of cell voltage AE means that the reaction in the cell 
proceeds spontaneously from right to left. 

If the standard potential of a cell is zero, a concentration difference alone 
is sufficient to generate a voltage. 

When a current J flows through the voltage difference AE for a time, t, the 
electrical work performed is (A€)It. 

The cell voltage, AE, is totally independent of the number of electrons 
transferred in a given reaction. 


For the reaction aA + bB —> cC + dD, the Nernst equation states 


SO 0.059,  [C]"[D]¢ 
AE = AE? = ~p leg [A] [B]? 


Here, n is the number of moles of electrons transferred in the reaction. 
Therefore, the cell voltage does depend on the number of electrons 
transferred in a given reaction. 


The answer is (D). 


CHEMISTRY-78 


Consider the Nernst equation. 


0.059, _ [C]¢(D]4 


— Ago _ 
AE = AE log INGEN 


Which of the following statements is FALSE? 


(A) 
(B) 
(C) 
(D) 


n is the number of moles of electrons transferred in the reaction. 
The cell must be operating at a temperature of 25°C. 

The equation holds for the reaction aA + bB — cC + dD. 

The factor of 0.059 is common to all cells, regardless of temperature. 


The factor of 0.059 applies only to cells with an operating temperature 
of 25°C. 


The answer is (D). 
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CHEMISTRY-79 


A zinc-copper standard cell with A£? = 1.10 V is connected to an independent 
variable voltage supply such that the variable voltage opposes the cell voltage. 
Given the following reaction, what happens? 


Zn+Cu2+ =Cu+Zn?+ AE? =1.10 V 


(A) When the variable voltage is below 1.10 V, the cell reaction Cu + Zn?+ 
—+ Cu?+ + Zn predominates. 

(B) When the variable voltage is above 1.10 V, the cell reaction Cu + Zn?+ 
— Cu?+ + Zn predominates. 

(C) When the variable voltage is above 1.10 V, the cell reaction Zn + Cu?+ 
— Cu + Zn** predominates. 

(D) When the variable voltage is equal to 1.10 V, the cell reaction Cu + 
Zn?+ —+ Cu?t + Zn predominates. 


When the variable voltage is below 1.10 V, the reaction Zn + Cu?t — 
Cu + Zn?* predominates. When it is equal to 1.10 V, no net reac- 
tion occurs. When the variable voltage is above 1.10 V, the reverse 
reaction, Cu + Zn?+ —+ Zn + Cu?+ predominates. 


The answer is (B). 


CHEMISTRY-80 


Given that AE? = 0.03 V, [Ni] = 1 M, [Co] = 0.1 M, and T = 25°C, calculate 
the cell voltage for the following equation. 


Co + Ni2?+ — Co*t + Ni 


(A) 0.01 V (B) 0.03 V (C) 0.06 V (D) 0.09 V 
Use the Nernst equation. 


0.059, [Co**] 


å _ 0 se | 
AE = AE og [Nz] 
n= 2 
e 0.059 V, 0.1 
AE = 0.03 V — 7 log LO 
= 0.03 V + 0.03 V 
= 0.06 V 


The answer is (C). 
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In organic chemistry, which compound families are associated with the following 
bonds? 


-C 
C 


I. C 
Il. C 
Ill. C=C 


(A) I: alkene, II: alkyne, ITI: alkane 
(B) I: alkyne, II: alkane, ITT: alkene 
(C) I: alkane, II: alkene, III: alkyne 
(D) I: alkane, II: alkyne, ITT: alkene 


An alkane is a saturated organic compound. Thus, the carbons may 
only have single bonds. In an alkene, the carbon atoms may have 
double bonds. In alkynes, the carbon atoms may have triple bonds. 


The answer is (C). 


CHEMISTRY-82 
Which one of the following statements regarding organic substances is FALSE? 


(A) Organic matter is generally stable at very high temperatures. 

(B) All organic matter contains carbon. 

(C) Organic substances generally do not dissolve in water. 

(D) Organic substances generally dissolve in high-concentration acids. 


Organic matter contains carbon, is generally insoluble in water, solu- 
ble in high-concentration acids, not easily ionizable, and unstable at 
high temperatures. 


The answer is (A). 
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CHEMISTRY-83 


Which one of the following is most likely to prove that a substance is inorganic? 

(A) The substance is heated together with copper oxide and the resulting gases 
are found to have no effect on limestone. 

(B) The substance evaporates in room temperature and pressure. 

(C) Analysis shows that the substance contains hydrogen. 


(D) The substance floats in water. 


The carbon from organic matter generally reacts with copper oxide 
to produce carbon dixoide. This gas darkens limestone. 


The answer is (A). 


CHEMISTRY-—84 
Which of the following organic chemicals is most soluble in water? 


(A) CH3CH; 

(B) CH;0H 

(C) CCl 

(D) CH3-(CH2)n-CHs 


Water is a polar molecule. Thus, a polar substance is more likely to 
dissolve in water than a nonpolar substance. Methanol (CH3OH) is 
polar and, therefore, very miscible in water. All of the other molecules 
are nonpolar. 


The answer is (B). 
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CHEMISTRY-85 


Which statement describes all of the following three chemical structural 
formulas? 


H H OH 
} S 
H— C — C—C — CHO 
| l] 
H H H 
H H H 
| ȘI |] 
dn E e 
| 
H OH H 
H H H 
| | | 
OH— C — C—C — CHO 
| | | 
H H H 


(A) They are isotopes of a certain substance. 

(B) They are the only possible forms of C4H202. 
(C) They are incorrectly written. 

(D) They are isomers. 


When a compound has one chemical formula, but different possible 
physical structures, the different structures are called isomers. The 
three formulas are all possible structures of C4H2. Therefore, they 
are isomers. 


The answer is (D). 


CHEMISTRY-86 
What structures do both aldehydes and ketones contain? 


(0) 
7 
(A) the carboxyl group TR 
OH 
; | Oa 
(B) the carbonyl group pm 
(C) the hydroxyl group — OH 


me 
(D) the carbon-carbon double bond ETSN 
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Aldehydes and ketones both contain the carbonyl group. 


CHEMISTRY-87 
Identify the following acid structures. 


Oo H (0) o o 
H cÍ H , A b 4 
TON IOON EON 
O—H H O—H H— O O =H 
I II I. 


(A) I: formic acid, II: oxalic acid, ITI: acetic acid 

(B) I: oxalic acid, II: acetic acid, III: formic acid 

(C) I: acetic acid, II: formic acid, IIT: oxalic acid 

(D) I: formic acid, II: acetic acid, ITT: oxalic acid 
HCOOH is formic acid. CHCOOH is acetic acid. C2H204 is oxalic 
acid. 


The answer is (D). 


CHEMISTRY-88 


According to the Bohr model of the hydrogen atom, which of the following 
statements are true? 


I. As the electron orbits the proton, it constantly radiates light with a 
frequency equal to its frequency of revolution. 

II. The electron orbits the proton in certain orbits that can be found by 
assuming that its angular momentum is quantized. 

II. Because of the quantization of angular momentum, calculations using 
the Bohr model and those based on classical physics can never give the 
same results. 

IV. When an electron orbiting a proton changes states to a lower energy 
level, the frequency of the radiation given off is proportional to the 
change in energy. This accounts for the hydrogen spectrum. 


(A) Land II (B) HandIV (C) L,I, and III. (D) I, II, and IV 
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The Bohr postulates are 
1. The electron moves in a certain orbit without radiating. 


2. The frequency of the emitted photon is proportional to the change 
in energy of the electron. 


and orbits become large, quantum calculations must agree with 
classical calculations. 


Thus, only IT and IV are true. 


CHEMISTRY-89 


T- 


57 


In a three-level laser, electrons in atoms are excited into an energy state, Es, then 
decay spontaneously to an energy Ez, which is a metastable state. The atoms 
are struck by photons of a specific frequency, and make stimulated emissions to 
the ground state, Æi. If the photons cause all of the emissions to be of the same 
frequency, the light will be amplified. What frequency must the photons be for 
this to occur? 


(A) 
(B) 
(C) 
(D) 


E3- Pı | E2- Ei 

e ta 

_ E-E, Ez-Ei 
f= h h 
The transition that must be amplified is the Ez to E, transition. 
Thus, the frequency of the radiated light is (Es — E1)/h. Photons of 
this frequency will be more likely to cause this transition. Therefore, 
if photons of this frequency are used, more transitions will take place, 
and the light will be amplified. 
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CHEMISTRY-90 


In an atom such as sodium, there is one electron in the outermost shell (in this 

case, n = 3). Which of the following statements is true regarding the energy 

required to excite an electron in the n = 1 shell compared to that required to 

excite an electron in the n = 2 shell? 

(A) It is greater because the electron is closer to the proton, and thus the 
Coulomb attractive force is much stronger. 

(B) It is greater because the shell next to it is full. Thus, by the Pauli exclusion 
principle, it must jump to the first shell that is not full, in this case, the 
n = 3 shell. 

(C) It is greater because an electron must first jump to the n = 3 shell from 
the n = 2 shell. Then the electron from the n = 1 shell can jump to the 
n = 2 shell. 

(D) It is equal to the energy required to excite an electron in the n = 2 shell 
because in both cases the electron makes a jump to the next shell. 


In an atom, an excited electron will jump to the next highest unfilled 
shell (in this case, the n = 3 shell). So the electrons in both the n = 1 
shell and the n = 2 shell will jump to the n = 3 shell. However, the 
energy difference between the n = 1 and the n = 3 shell is greater 
than the energy difference between the n = 2 shell and the n = 3 
shell. Thus, option (B) is correct. 


The answer is (B). 


CHEMISTRY-91 


A state of energy E, with a lifetime of tı decays into the state of energy Ez. 
The state of Ez then decays with a lifetime of tz into the state of E3. The decay 
constants are related by 7, = 272. Initially, all of the atoms (quantity No) are in 
the Æ; state. Calculate the number of atoms Na that are in the state Ez at any 
instant in time, t. 

(A) No (e7/™ — e7#/n) 

(B) No (e-/™ -+ e72/m) 

(C) 2No (e7t/7: — e- 24/71) 

(D) 2No (etm + e7%/7:) 


The number of atoms that decay from E, to Ez is 


Nı = Noe™t/™ 
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The number of atoms in state Ez equals the number of atoms coming 
from E; to Es minus the number of atoms decaying from Es to Eg. 
Thus, the number of atoms in state Fs at a given time is 


No = Noe~*/™ — Nae! 


= Noe7*/™ — No ge% T 


Since there are no atoms in state Ez at t = 0, the initial conditions 
are 


N2(0) = 0 
0= Noe? = No, oe? 
No = Nz, 0 


Na = No (etim = gs) 


The answer is (A). 


CHEMISTRY-—92 


A source of radiation has a mean nucleus life of T = 35.8 s. There are initially 
No = 5.37 x 10!° nuclei in the source. Which of the following statements are 
true? 


I. The decay constant is À = 0.0279 s~?. 
II. The half-life is t/2 = 24.8 s. 
Ill. If a rate counter with an 80% efficiency is placed near the source, it will 
show a rate of 4.2 x 10” after 2 min. 


IV. The sample will essentially have all decayed (0.01% remaining) in 5.5 
min. 


(A) Tand III (B) II and II 
(C) 1, II, and IV (D) I, I, II, and IV 


First, find the decay constant. 


~ 35.8 8 
= 0.0279 s7! 


Therefore, statement I is true. 
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Next, find the half-life. 


t = gt1/2/T 
2 
tig =Tln2 
= (35.8 s) ln 2 
= 24.8 s 


Thus, statement II is true. 
Next, find the count rate after 2 min. The count rate at time ¢ (in 
seconds) is 
R= Roe 
The initial count rate, Ro, is 
Ro = ANo 


Since the detector is only 80% efficient, the rate shown by the detector 
after 2 min, Rg, is 


Rg = 0.80R = 0.8 ANge~** 
= (0.8) (o.0279 =) (5.37 x 10'e—A*) 


= (0.8) (1.50 x 109 :) e~ (0.0279 1/s)(120 s) 


= 4.2 x 10" decays s7! 
Therefore, statement III is true. 


The time it takes for the sample to decay to an amount N is 


—1. N 
cae Gass 
N =l1~x 1074No 
N ~4 
N =1x10 
—] EE 
g | (i x 1074) 
0.0279 = 
t= "N 
60 —— 
min 
330 s 
To 
min 
= 5.5 min 
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Thus, IV is also true. Statements I, II, III, and IV are all true. 


The answer is (D). 


CHEMISTRY-93 
A fossil fern containing 49.9 g of carbon is carbon dated to determine its age. 
The decay rate of C™ in the fossil is 191 decays/min. How old is the fern? (The 
half-life of C!4 is 5730 years, and the rate of decay of C4 in a living organism 
per g of carbon is 15.0 decays/min-g.) 
(A) 7290 yr (B) 11300 yr (C) 14100 yr (D) 23800 yr 

The rate of decay of C4 in a dead organism is given by 

R= Roe ** 

In the preceding equation, is the decay constant, Ro is the initial 
decay rate, and t is the time elapsed. 
Ro is simply the decay rate of carbon-14 in a living organism, because 
up to the point it dies, it replenishes its carbon. Thus, until the 
organism’s death, the decay rate is fairly constant. 
decays 


Ro = (15.0 ) (49.9 g) 


= 749 decays/min 


in- 


= 1.21 x 1074 yr! 


1, BR 
t= = ln =- 
decays 


1 191 - 
a 
1.21 x 1074 yr 749 aay 
min 


= 11300 yr 


The answer is (B). 
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CHEMISTRY—94 


What is the total relativistic energy of a particle if its mass is equal to 1 kg when 
it is traveling at a speed of /2c? 


(A) ¢/2 (B) 2—1 (0) 2 (D) +1 
Regardless of the particle’s speed, the total relativistic energy is 


P 
Erota = Me 


= (1 kg)(c?) 


The answer is (C). 
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STATICS-1 
What is the length of the vector A+B+C, the sum of three orthogonal vectors? 


(A) 3.5m (B) 4.3 m (C) 7.1m (D) 10 m 
|A+B+C|= VA? +B? +C? 
= /(3 m)? + (4 m)? + (5 m)? 
=7.07m (7.1m) 


The answer is (C). 
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STATICS—2 
Determine the magnitude of the moment of the force F about the corner A. 


F= 100N 


Z, 


(A) 120 N-m (B) 240 N-m (C) 320 N-m (D) 640 N-m 


fy k 


12m 


fm) 


Fz = (100 N) cos 60° = 50.0 N 
Fy = (100 N) sin 60° = 86.6 N 
Taking counterclockwise moments as positive, 
YO Ma = -yFp + £Fy 
= —(8 m)(50.0 N) + (12 m)(86.6 N) 
= 640 N-m 


The answer is (D) 
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STATICS 8-3 


STATICS-—3 


A cube of side length a is acted upon by a force F' as shown. Determine the 
magnitude of the moment of F about the diagonal AB. 


(0,a,a) f 


Ma =rac xF 


ET 
= a(i+j) x z i+ k) 
= So-5 +) 
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1... 
Uag = —(i+jtk 
AB zí J ) 


Mas = Uap: MA 


The answer is 


(E 


STATICS-4 
The boom shown has negligible weight, but it has sufficient strength to support 


the 1000 kN load without buckling. What is most nearly the tension in the 
supporting cable between points A and B? 


(A) 200 kN (B) 430 kN (C) 580 kN (D) 870 kN 


A 
1000 kN 


T 


60° 
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STATICS 8-5 
For equilibrium, >> Fz = 0 and >> Fy, = 0. 
X. Fy = 0 = Fg sin 60° — 1000 kN = 0 
Fg = 1154.7 kN 
>> Fr = 0 
Fp cos 60° -T =0 
The tension in the cable, T’, is 


T = Fg cos 60° 
= (1154.7 kN) cos 60° 
=577.4kN (580 kN) 


The answer is (C). 


STATICS-5 


Find the tensions, T; and T>, in the ropes shown so that the system is in equi- 
librium. 


(A) T, = 50.0 N, Ty = 0.0 N 
(B) T; = 50.0 N, Tz = 50.0 N 
(C) Ti = 70.7 N, Tz = 50.0 N 
(D) T, = 70.7 N, Ty = 70.7 N 
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8-6 


X Fy =0=T)sin45° — 50 N=0 


Tı sin 45° = 50 N 
T, = 70.7N 
oF =0 
Tı cos 45° — Ta = 0 
T> = T; cos 45° 
= 50N 


The answer is (C). 


STATICS-6 


For the system illustrated, determine the value of h that puts the system in 
equilibrium. 


frictionless 
a7, roller 


frictionless 


(A) 0.50 cm (B) 1.0 cm (C) 1.5 cm (D) 2.1 cm 
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STATICS 


> Fy, =0 
0=—-P+Wsind+Tsin@ 
(T + W)sin@ = P 
> F, =0 
0 = W cos — T cos8 
T=W 
= 100 N 
2W sind = P 
P 
2W 
h _P_ 2N 
h2 d2? 2W  (2)(100 N) 
=0.1 
h? = 0.01(h? + d?) 
0.99h? = 0.01d? 
0.01 


sin@ = 


The answer is (B). 
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STATICS-—7 


Hinges A and B support a 10000 kN bank vault door as shown. Determine the 
horizontal force in the hinge pin at A. 


10000 kN 


| +|.——| 
1.5m 1.5m 


(A) 1500 kN (B) 2500 kN (C) 5500 kN (D) 7500 kN 


Sum the moments around joint B. 


>> Mp =0 
0= (—10 000 kN)(1.5 m) + (2 m)RAs 


The answer is (D). 
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STATICS 8-9 


STATICS-8 
A cylindrical tank is at rest as shown. The tank has a weight of 100 kN. Ap- 
proximately what horizontal force should be applied horizontally at point C to 
raise the tank? 


(A) 25 kN (B) 58 kN (C) 67 kN (D) 110 kN 


In order to raise the tank, }> Ma > 0. Therefore, the minimum force 
that must be applied at point C can be found as follows. 


S> Ma =0 
F(12 m) — W(8 m) sing = 0 
_ 2Wsing 
~ 383 


cos¢ = oo =05 


= 
ġ = 60° 
2W sin 60° 
i 3 
_ (2)(100 kN) sin 60° 
3 
= 57.7 kN (58 kN) 


The answer is (B). 
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STATICS-9 


A weight is attached to a lever as shown. Determine the expression for @ when 
the system is at equilibrium. The spring constant is k, the length of the lever is 
L, the radius of the wheel is r, and the magnitude of the weight is W. 


spring, k 


WLsin@ WLsin@ 
(A) d= oo (B) 0 = -a 
Wr W Lcos 
(C) 0 = EL (D) @= ee 
WwW D 
Fepring 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


= = > = b = 


STATICS 8-11 


At equilibrium, the sum of the moments about the center of the wheel 
(point O) must equal zero. 


rF. spring — WL sin 8 
F. spring — kr 
r?kð = WLsiné 


WLsin@ 


é= 
l kr? 


Successive iterations are necessary to solve for 8. 


The answer is (B). 


STATICS-—10 


Two identical spheres weighing 100 N each are placed as shown. The line con- 
necting the two centers of the spheres makes an angle of 30° to the horizontal 
surface. All walls are smooth and frictionless. What is most nearly the reaction 
force at A? 


(A) 33 N (B) 67N (C) 75 N (D) 100 N 
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W =100 N 


Tro 
Ra cos 30° — Rg cos 30° = 0 


Ra = Rp 


>> Fy =0 


=W + Ra sin 30° + Rpg sin 30° = 0 


W 
Bat hes sin 30° 
W 
ARa m sin 30° 
Ra =W 
=100N 
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STATICS—11 


What is most nearly the force, P, that must be exerted on the handles of the 
bolt cutter shown if the force on the bolt is 1000 N? 


P 


(A) 7.5N (B) 30 N (C) 53 N (D) 260 N 


First, consider the upper jaw. 


upper jaw 
Rgx 
Rey 
F=1000N 
DA =0 
Rgs = 0 


>> Mc =0 


—(Rp,)(10 cm) + F(3 cm) = 0 
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Now, consider the upper handle. 


P 


X Ma =0 


—Rp,(1 cm) + P(40 cm) = 0 


The answer is (A). 


STATICS-12 


Determine the force, F', required to keep the package from sliding down the plane 
shown. 


(A) 15 kN (B) 35 kN (C) 65 kN (D) 120 kN 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


i = s = 


STATICS 8-15 
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STATICS-13 


Determine the minimum coefficient of friction at point B required for a person 
to use the ladder shown. Assume there is no friction at point A. 


900 N person 


12m Rie 
200 N ladder 
5m 
(A) 0.18 (B) 0.28 (C) 0.42 (D) 0.56 
900 N 
12m 


Ng 
uNe = Fe 


The total reaction force at B (Ng + Fy) must point along the ladder. 


Therefore, 
L= coté 
_ 5m 
12m 
= 0.42 


The answer is (C). 
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STATICS-—14 


A 4m ladder weighing 200 N is placed as shown. When an 800 N person climbs 
3 m above the lower end, the ladder is just about to slip. Determine the friction 
coefficient between the ladder and the floor. The coefficient of friction between 
the ladder and the wall is 0.20. 


(A) 0.19 (B) 0.29 (C) 0.39 (D) 0.49 
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X Ma =0 
0 = (—200 N)(2 m) sin 30° — (800 N)(3 m) sin 30° 
+ Np(4 m) cos 30° + 0.2Ng(4 m) sin 30° 
Ng = 362 N 
SOF, =0 
0 = Na+ Kwane — 800 N — 200 N 
= Na + (0.20)(362 N) — 800 N — 200 N 
Na = 928 N 
>> Fe =0 


0 = HfoorN a — Np 


Hfloor NA = Ng 
N 
Hfloor = A 
362 N 
~ 928 N 
= 0.39 


The answer is (C). 


STATICS-—15 


A 2 kg block is released at point A on an inclined plane that is tangent to 
a circular arc. The plane is tilted 15° from horizontal, and the coefficient of 
friction is 0.4. Which point is the equilibrium position of the block? 


curve radius 


(A) A (B) B (Cc) C (D) D 
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> Fy = —mgsin@ + Fy 
= —mg sin 0 + umg cos 


For the block to slide downhill, } Fz < 0. 
—mg sin 6 + umg cos? < 0 
pumg cos @ < mgsin# 
u < tand 
< tan 15° 
< 0.27 


Thus, for the block to move, p < 0.27. However, u = 0.4. Therefore, 
the block never moves. It stays at point A. 


The answer is (A). 


STATICS-—16 
Determine the force in member AC in terms of force P. 


(A) P (B) $P (C) VZP (D) -P 
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AC = force in member AC 


So Fy, =0 


0 = (AC) cos 45° — P 


STATICS-17 


Determine the force in member CD. 


frictionless pinned joints 


(A) iP 


Use the method of sections. 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


= oe o 3 a à 


STATICS 8-21 


Only CD can support a vertical force. 


SF, =0 


0= Ra—2P+CD, 


CD, = 2 
CD = §CD, 
-0G 
4 3 
5P 
“E 


The answer is (C). 


STATICS-18 


A truss is subjected to three loads. The truss is supported by a roller at A and 
by a pin joint at B. What is most nearly the reaction force at A? 


2000kN 3000kN 4000kN 


A 
7m 7m 7m 


(A) 3800 kN (B) 4400 kN (C) 4900 kN (D) 5000 kN 


The rolling support at A can only support a vertical reaction force. 
Ra is the reaction force at A. 


D Mz =0 
0 = —Ra(21 m) + (2000 kN)(17.5 m) + (3000 kN)(10.5 m) 
+ (4000 kN)(3.5 m) 


Ra = 3833 kN (3800 kN) 
The answer is (A). 
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STATICS-—19 


A scissor jack is used to raise a car. If the jack supports a weight of 2000 kN, 
determine the force in member BE. 


2000 kN 


EEEE—OO=a&a@a&Z2™| 


SS 


handle 


(A) V3 x 100 kN (B) v3 x 500 kN 
(C) v3 x 1000 kN (D) V3 x 2000 kN 


CB and DE equally share the 2000 kN load. Therefore, BC, = DE, 
= 2000 kN/2 = 1000 kN, and DE = DE, /sin 30° = 1000 kN/0.5 = 
2000 KN. Use the method of joints at E. 


>>, =0 
0 = —FE, + DE, 
FE, = 1000 kN 
FE, _ 1000 kN 


~ gin30° 0.5 


> Fy =0 


= 2000 kN 


Therefore, 
BE = FE, + DE, 
FE cos 30° + DE cos 30° = (2)(2000 kN) ($) 


V3 x 2000 kN 
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STATICS—20 


When loaded, which support has a reaction involving more than a single force? 


(A) roller Y (B) bali 
A 
(C) cable (D) rough surface 
y y 
in 2-D 3 in 3-D 
loading x loading A x 
Z 
one normal force one normal force 
and one frictional force and two frictional forces 


Options (A) and (B) have a normal force. Option (C) has a single 
force along the cable. Only option (D) can support two reaction 
forces. 
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STATICS—21 


A beam, securely fastened to a wall, is subjected to three-dimensional loading. 
How many components of reaction are possible? 


(A) two (B) three (C) four (D) six 


There are six components of reaction possible: three force components 
and three moment components. 


The answer is (D). 
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STATICS-—22 


What is most nearly the vertical force at point F necessary to resist the wind 
load of 3.5 kN/m on DEF? 


3.5 kN/m 
wind load 


(A) 2.2 kN (B) 4.3 kN (C) 9.3 kN (D) 10 kN 


X Ma =0 


i= (35 S) (4 m)(2 m) — (3-m)Re 


Rearranging to solve for Rp, 


5 


‘m 
3m 
= 9.33 kN (9.3 kN) 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


= Ea = = 


Compute the equilibrium displacement of the spring shown. 


k = 7000 N/m 
ze 


30cm 


90N 


(A) 12 mm (B) 32 mm (C) 38 mm (D) 75 mm 


Sum the moments around the hinge. 


> Mainge = 0 = (90 N)(30 cm) — Fepring(10 cm) 
Fepring = 270 N = kôspring 
Ospring = „Faing = ELDE 
7000 — 
= 0.038 m (38 mm) 


The answer is (C). 
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STATICS—24 
The system shown is in equilibrium prior to the application of the 130 N force 


at A. After equilibrium is reestablished, what is most nearly the displacement 
at A? 


ky = 3.50 N/mm w 


Fi 
150 mm 
hinge 
ky = 1.75 N/mm 
A Fy 
225 mm 
130N A 130 N 
free-body 
diagram 
(A) 25 mm (B) 30 mm (C) 37 mm (D) 74 mm 


Sum the moments around the hinge and use F = —ké to find the 
spring forces. 


> Mhinge =0 


0 = —k151(150 mm) + (130 N)(225 mm) — ke62(75 mm) 


The ratio of the deflection of the bar at a point to that point’s distance 
from the hinge is equal to the angular displacement of the bar. Since 
the bar does not bend, this ratio is the same for any point on the bar. 
Therefore, 


Substitute for 6, in the equation for the moment. 
0=- (35 =) 262(150 mm) + (130 N)(225 mm) 


_N\, 
mm i 
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Rearranging to solve for do, 
7 (130 N)(225 mm) 


"2 1181.3 N 
= 24.8 mm 
Oa _ 0 
225mm 75 mm 
6a = 369 


=74.4mm (74 mm) 


The answer is (D). 


STATICS-—25 


What is most nearly the reaction force at support B on the simply supported 
beam with a linearly varying load? 


10 kN/m 
3 kN/m 
A A B d 
Im 
(A) 1.5 kN (B) 2.3 kN (C) 2.6 kN (D) 3.5 kN 
Fi Fz 
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F,=$Lh= (5) (1 m) (7 =) 


Sum the moments around support A. 
> Ma =0 = Rg(1 m) — F, (0.3 m) — F,(0.5 m) 


= Rp(1 m) — (3.5 kN) (0.3 m) — (3 kN) (0.5 m) 
Rp =255kN (2.6 kN) 


STATICS-26 


For the simply supported beam with the linearly varying load shown, what is 
the sum of the reactions at the supports? 


10 kN/m 


free-body diagram 


(A) 3.5 kN (B) 6.5 kN (C) 9.2 kN (D) 13 kN 
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5 Fy =0 
Ri+ Ro- F=0 
Ri+ R= F 
The area of the trapezoidal load distribution, F', is 
10 a +3 <= 


F = $Lh= | —™— | (1 m) 


= 6.5 kN 


Therefore, 
Ri + Rz = 6.5 kN 


The answer is (B). 


STATICS—27 


A beam is subjected to a distributed load as shown. Determine the reactions at 
the right support, A. 


3 N/m 


1 N/m 


free-body diagram 


(A) 2.2 kN (B) 4.3 kN (C) 5.5 kN (D) 7.0 kN 
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a 

I 

tS 

Pa 

i 
oo 


Fy 


uh = (3) (2 N) (6m) =6N 


Since Raz = 0, Ray = Ra. Thus, Ra = 7.0 KN. 


The answer is (D). 


STATICS—28 


A beam is hinged at a wall and loaded as shown. What is the tension in the 
cable? 


frictionless 
hinge 


100 kN F 


5m H. 


free-body diagram 


(A) 200 kN (B) 250 kN (C) 430 kN (D) 500 kN 
PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


Š es $ § 2 a 


8-32 1001 SOLVED ENGINEERING FUNDAMENTALS PROBLEMS 
>> Mring =0 
F(5 m) + (100 kN)(10 m) — T’sin30°(10 m) = 0 
F = Lh = (10 m) (s0 =) 
m 


= 300 kN 


Substituting for F and rearranging to solve for T, 

7 — (300 KN)(5 m) + (100 kN)(10 m) 
~ (10 m)(sin 30°) 
= 500.0 kN 


The answer is (D). 


STATICS—29 
Determine the position of maximum moment in the beam ABC. 


5 kN 
2 kN/m 


(A) at point A (B) at point B 
(C) at point C (D) 2 m left of point C 


Y Mp =0 


5 
0 = (5 KN)(1 m) -f 2nd + (Ro,)(5 m) 


JO 
5 
=5kN-m—<2*| + Ro,(5 m) 
0 
= 5 kN-m — (25 — 0) + Ro, (5 m) 
Ro, =4kN 
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STATICS 8-33 


= 5 
So F, =0=-5 w- f 2dz +4 KN + Rg 
JO 


5 


+4 kN + Rp 
0 


= —5 kN — (10 — 0) + 4 kN + Rg 
= —5 kN — 10 kN + 4 EN + Rg 


= —5 kN — 2z 


Rp =11 kN 
At point A, 
Ma =0 
At point B, 
Mg = (5 kN)(1 m) 
=5 kN-m 
From C to B, 


=0 [where M, is a max] 


0= (4K) - (2 SE 


paan 
z 
=2 m 
Mz, max = (4 KN)(2 m) — 4 kN-m 
= 4 kNm < Mg 


Thus, the maximum moment is 5 kN-m, and it occurs at point B. 


The answer is (B). 
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STATICS-—30 


For the cantilever beam with the distributed load shown, what is the moment 
at the built-in end? 


10 kN/m 


EeREESEE 
built-in end | 


3m 


(A) 5 kKN-m (B) 10 kN-m (C) 20 kN-m (D) 45 kN-m 


P= (10 =) (3 m) 
= 30 kN 
X Ma = 0 = Ma — F(1.5 m) 
Ma = (30 kN)(1.5 m) 
= 45 kN-m 


The answer is (D). 
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STATICS-31 


For the cantilever beam shown, what is the moment acting at the built-in end? 


(A) 270 kN-m (B) 310 kN-m (C) 540 kN-m (D) 720 kN-m 
Sum the moments around the support, A. 
$ Ma = 0 = Ma — (90 KN)(6 m) ~ (s0 ) (2 m) (3) 
Rearranging to solve for Ma, 


Ma = 720 kN-m 


The answer is (D). 


STATICS—32 


Determine the resultant moment at the built-in end, A, for the cantilever beam 
shown. 


25 kN/m 


(A) 660kN-m (B) 990kN-m (C) 1100 kNm (D) 1200 kN-m 
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Divide the beam into two sections: from 0 m to 4 m where Fi = 15 
kN-m, and from 4 m to 10 m where Fy = 5(x + 5)/3 kN/m. Sum the 
moments around point A. 


4 10 
0 = Ma - Í Fy (x)zdx — J Fo(x)adx 
0 4 


4 10 
Ma = f 15edx + f BS) ae 
0 4 


3 
_ 152? gi 5z? | 2527)" 
“2 8 6 la 
103 — (4)? 25) (10? — (4)? 
= asye) + OOF (4)) , )( z (4)?) 
= 990 kN-m 


The answer is (B). 


STATICS-—33 


Determine the moment at the built-in end, A, for the beam shown. 


(B) wol (C) = (D) 
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Integrate by parts. 


u=% 
dvu = (wo sin =) dx 
du = dx 
wol Tx 
v= -= — 


The answer is (A). 


STATICS-34 


The beam shown is statically indeterminate, but the reaction force at B is known 
to be 200 kN. What is the bending moment at point P? 


w 


100 kN/m 


EERE RRRTR EEE 
A P 

built-in 
end 


simply 
supported end 


3m 
(A) 90 kN-m (B) 150 kN-m (C) 240 kN-m (D) 350 kN-m 
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Measure z from point B. 


The moment at point P is 


200 kN 
> Mp = 0 = —Mp — F(1.5 m) + (200 kN)(3 m) 
Rearranging to solve for Mp, 


Mp = (200 kN)(3 m) — (100 =) (3 m)(1.5 m) 
= 150 kN-m 


The answer is (B). 


STATICS-—35 


Determine the height of the centroid, J, of the semicircle with radius r shown. 
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y=rsinf 
dy = d(r sin 0) = r cos @d0 
dA = zdy = r cos 0r cos dé 


Since the area is symmetrical, area for 0 < @ < 90° is half the total 
area. 


n/2 
J ydA = 2 [ (r sin @)(r cos @)(r cos 8)dð 
0 


[2 
=2 7, r° sin @ cos” 0d0 
_ —2r* cos? 0 a 
8 Ip 
_ 2r? 
-3 
By definition, 
JA = f yd A 
A 
y 
dA 
ga 
2r3 
JA = 3 
2r? 
a 
år 
3r 


The answer is (C). 
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What is the height of the center of mass of the cone-sphere system shown? 


diameter 


Mgsphere = 89 


eiey 


Moone = 29 


(A) 2cm (B) 3cm (C) 4cm (D) 5cm 


By symmetry, the center of mass of the system is on the y-axis. Find 
the height of the center of mass for each part of the system. 


First, find the height of the sphere’s center of mass, OO’. 


OO’ = height of cone + rsphere 


=3 cm4 Š 


= 4.5 cm 


Next, find the height of the cone’s center of mass, he. 


he = (height of cone) (3) 


= (3 cm) (3) 


=2cm 
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STATICS 8-41 
Finally, find the height of the cone-sphere system’s center of mass. 
Maphere + Mcone 


_ (8 g)(4.5 cm) + (2 g)(2 cm) 
~~ 8g+2g 


h= 


= 4cm 


The answer is (C). 


STATICS-37 
Which statement about area moments of inertia is FALSE? 
(A) I= fddA 


(B) The parallel axis theorem is used to calculate moments of inertia about a 
parallel displaced axis. 


(C) The moment of inertia of a large area is equal to the summation of the 
inertia of the smaller areas within the large area. 


(D) The areas closest to the axis of interest contribute most to the moment of 
inertia. 


Area moment of inertia is defined as I = fd’dA, where d is the 
distance from the axis to the area element. Thus, the areas farthest 
from the axis have the largest contributions. 
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STATICS-—38 


Determine the moment of inertia around the centroidal axis of the following 
beam. 


8 cm 


(A) 420 cm4 (B) 650 cm4 (C) 730 cmt (D) 950 cm4 


The moment of inertia of the beam is equivalent to the moment of 
inertia of a solid beam with the same dimensions (a height of 12 cm 


and a width of 8 cm) minus the moments of inertia of the missing 
sections. 


The moment of inertia about the centroidal axis of rectangular sec- 
tions is 


bh? 


we 
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| 


b 


This equation is applied as follows for the solid section (8 cm x 12 cm), 
the two removed sections (2.5 cm x 10 cm each), and two other re- 
moved sections (1 cm x 8 cm each). 


Iz = (5) (8 cm)(12 cm)? — (2) (5) (2.5 cm)(10 cm’) 


— (2) (5) (1 em)(8 em’) 


= 650 cmî 


The answer is (B). 
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STATICS-—39 


Izy is the moment of inertia of the plane area about its centroidal z axis. How 
can I, be expressed? 


The answer is (C). 
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SCIENCE 


MATERIALS SCIENCE-1 


Which of the following affects most of the electrical and thermal properties of 
materials? 


(A) the atomic weight expressed in grams per gram-atom 
(B) the electrons, particularly the outermost ones 

(C) the magnitude of electrical charge of the protons 

(D) the weight of the atoms 


The outermost electrons are responsible for determining most of the 
material’s properties. 


The answer is (B). 


MATERIALS SCIENCE-2 
The atomic weight of hydrogen is 1 g/mol. What is most nearly the mass of a 
hydrogen atom? 


(A) 1.7x10-*4 g/atom (B) 6.0x10~** g/atom 
(C) 1.0 x 107! g/atom (D) 1.0 g/atom 
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By definition, the mass of an atom is its atomic weight divided by 
Avogadro’s number. 


E 
W= ol = 1.66 x 107” g/atom (1.7 x 107” g/atom) 
0233 — 


mol 


6.02 x 1 


MATERIALS SCIENCE-3 
What are valence electrons? 


(A) the outer-shell electrons 

(B) electrons with positive charge 

(C) the electrons of complete quantum shells 
(D) the K-quantum shell electrons 


By definition, the outermost electrons are the valence electrons. 


The answer is (A). 


MATERIALS SCIENCE-4 

What is the strong bond between hydrogen atoms called? 
(A) the ionic bond 

B) the metallic bond 


( 
(C) ionic and metallic bonds 
(D) the covalent bond 


Covalent bonds provide the strongest attractive forces between atoms. 


The answer is (D). 
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MATERIALS SCIENCE-5 
What are van der Waals forces? 


(A) weak secondary bonds between atoms 
(B) primary bonds between atoms 

(C) forces between electrons and protons 
(D) forces not present in liquids 


By definition, van der Waals forces are weak attractive forces between 
atoms or molecules. 


MATERIALS SCIENCE-6 


Which of the following curves best illustrates the relationship between inter- 
atomic forces and interatomic spacing? 


attraction 
(A) i interatomic 
orce spacing 
repulsion 
attraction 
interatomic 
spacing 


repulsion 
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attraction 


(C) interatomic 
spacing 
repulsion 
attraction 
(D) f interatomic 
orce spacing 


repulsion 


The interatomic force changes from repulsion to attraction as spacing 
between atoms increases. 


The answer is (A). 


MATERIALS SCIENCE-7 


Compare the metallic iron atom Fe and the ferrous and ferric ions Fe?t and Fe*+ 
at the same temperature. Which has the smallest atomic radius? 


(A) Fe 

(B) Fe?+ 

(C) Fet 

(D) They have the same radii. 


Ionizing removes valence electrons, causing the remaining electrons 
to be pulled in closer to the nucleus. Further reduction in spacing 
occurs with the removal of more electrons. 


The answer is (C). 
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MATERIALS SCIENCE-8 


Cesium (Cs) and sodium (Na) both have the same valence (+1), yet with chlo- 
rine (Cl), cesium has a coordination number of 8 in CsCl, while sodium has 
a coordination number of only 6 in NaCl. What is the main reason for this 
difference? 


(A) The atomic weight of Cs is larger than the weight of Na. 
(B) Cs forms covalent bonds in CsCl. 

(C) Cs contains more electrons than Na. 

(D) Cs is too large to be coordinated by only 6 chloride ions. 


Since the Cl atoms are of constant size, the larger coordination num- 
ber for Cs means that more Cl atoms are needed to fit around a Cs 
atom than around a Na atom. Therefore, the Cs atom is larger than 
the Na atom. 


The answer is (D). 


MATERIALS SCIENCE-9 
Which of the following statements is FALSE? 


(A) 
(B) 
(C) 


(D) 


Ceramics are inorganic, nonmetallic solids that are processed or used at 
high temperatures. 

Metals are chemical elements that form substances that are opaque, lus- 
trous, and good conductors of heat and electricity. 

Oxides, carbides, and nitrides are considered to be within the class of 
materials known as glasses. 

Most metals are strong, ductile, and malleable. In general, they are heavier 
than most other substances. 


The classes of materials are ceramics, metals, and polymers. Oxides, 
carbides, nitrides, and glasses are all ceramics. 
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MATERIALS SCIENCE-10 
Which of the following materials is NOT a viscoelastic material? 
(A) plastic (B) metal (C) rubber (D) glass 


Of the choices, only metal does not fit this description. Metal is 
considered to be an elastoplastic material. 


The answer is (B). 


MATERIALS SCIENCE-~11 


In molecules of the same composition, what are variations of atomic arrange- 
ments known as? 


(A) polymers 

(B) noncrystalline structures 
(C) monomers 

(D) isomers 


Isomers are molecules that have the same composition but different 
atomic arrangements. 


The answer is (D). 


MATERIALS SCIENCE-12 


Which of the following accurately describes differences between crystalline poly- 
mers and simple crystals? 


of atoms. 
II. Crystal size can be increased by raising the crystallization temperature 
only in polymers. 
III. While a simple crystal may be totally crystallized, a polymer can reach 
only partial crystallization. 


(A) I only (B) II only (C) III only (D) I and III 
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Only crystalline polymers are composed of folded chains and, at best, 
exhibit partial crystallization. The crystal size of both simple crystals 
and polymers can be increased by raising temperature. 


MATERIALS SCIENCE-13 

Polymers that favor crystallization are least likely to have which of the 
following? 

(A) an atactic configuration of side groups 

(B) small side groups 

(C) only one repeating unit 

(D) small chain lengths 


In order for crystallization to be favored, the molecules must be able 
to arrange themselves into an orderly structure. “Atactic” refers to a 
random configuration of side groups in the polymer; such a configu- 
ration would hinder crystallization. 


The answer is (A). 


MATERIALS SCIENCE-14 
What is the atomic packing factor (APF) for a simple cubic crystal? 
(A) 0.48 (B) 0.52 (C) 1.0 (D) 1.1 
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For a simple cubic crystal, there is one complete atom of radius r per 


volume of atoms 


PF- 
APE volume of unit cell 


Arr? 
= 


(2r)8 
= 0.52 


The answer is (B). 


MATERIALS SCIENCE-15 
How many atoms are in the unit cell of a body-centered cubic structure? 
(A) one (B) two (C) three (D) four 


There is one atom at the center position and 1/s of an atom at each 
of the corners of the cube, since the atom present at each corner is 
shared by the adjoining unit cells. Therefore, 


total no. of atoms = no. of atoms at center 
+ (no. of atoms at each corner)(no. of corners) 


=1+ (§)(8) =2 


i (B). 
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MATERIALS SCIENCE-16 
How many atoms are there per unit cell for a face-centered cubic structure? 


(A) one (B) two (C) three (D) four 


Like a body-centered cubic structure, there is '/s of an atom at each 
corner of the cube. There is also 1/2 of an atom at the center of each 
of the six faces, since each atom here is shared by the neighboring 
unit cell. 


total no. of atoms = (no. of atoms at each corner)(no. of corners) 
+ (no. of atoms at center of each face)(no. of faces) 


OODE 


The answer is (D). 


MATERIALS SCIENCE-17 
What is the first coordination number of a body-centered cubic structure? 
(A) 4 (B) 6 (C) 8 (D) 10 
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atoms. In a body-centered cubic cell of edge length l, the minimum 
distance between atoms is (3/2). By inspection of the figure, there 
are eight neighboring atoms at this distance. 


MATERIALS SCIENCE-18 
What is the first coordination number of a face-centered cubic structure? 


(A) 2 (B) 4 (C) 8 (D) 12 


The closest atoms in a face-centered cubic cell of edge length | are 
l/ /2 apart. Each atom in the center of a face has 12 such neighboring 
atoms. The atoms are: (+(1/2)l, £(7/2)l, 0), (£(?/2)l, 0, +(1/2)1), and 
(0, £(7/2)1, £(*/2)l). 


The answer is (D). 


MATERIALS SCIENCE-19 
Which of the following statements is FALSE? 
(A) Both copper and aluminum have a face-centered cubic crystal structure. 


(B) Both magnesium and zinc have a hexagonal close-packed crystal structure. 


(C) Iron can have either a face-centered or a body-centered cubic crystal struc- 
ture. 
(D) Both lead and cadmium have a hexagonal close-packed crystal structure. 
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Lead does not have a hexagonal close-packed structure. Its structure 
is face-centered cubic. 


The answer is (D). 


MATERIALS SCIENCE-20 
Which of the following statements is FALSE? 


(A) The coordinates of the unique lattice points for a body-centered cubic unit 


cell are: (0 0 0) and (4 4 4). 


(B) The coordinates of the unique lattice points for a face-centered cubic unit 


cell are: (0 0 0); (4 § 0); (4 0 4); and (0 4 9). 


(C) The coordinates of the unique lattice points for a simple cubic unit cell are: 


(0 0 0). 


(D) The coordinates of the unique lattice points for a rhombohedral unit cell 


are: (4 4 4). 


The rhombohedral Bravais lattice is a primitive cell and has only the 
point (0 0 0). 


The answer is (D). 


MATERIALS SCIENCE-21 
How are the close-packed planes in a face-centered cubic metal designated? 
(A) (100) (B) (200) (C) (110) (D) (111) 
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The close-packed planes are as shown. 


MATERIALS SCIENCE-22 


Which crystal structure possesses the highest number of close-packed planes and 
close-packed directions? 

(A) simple cubic 

(B) body-centered cubic 

(C) face-centered cubic 

(D) close-packed hexagonal 


The face-centered cubic structure has four close-packed planes: (1 1 1), 
(111), (111), and (1 11). Each plane has three close-packed direc- 
tions. 


The answer is (C). 


MATERIALS SCIENCE-23 


What are the most common slip planes for face-centered cubic and body-centered 
cubic structures, respectively? 


(A) face-centered: (1 1 1); body-centered: (1 1 0) 
(B) face-centered: (1 0 0); body-centered: (1 1 0) 
(C) face-centered: (1 1 0); body-centered: (1 1 1) 
(D) face-centered: (1 1 1); body-centered: (1 0 0) 


Slip planes are usually the most closely packed planes, since they have 
the largest spacing. The close-packed planes are (1 1 1) and (1 1 0) 
for the respective crystal structures. 


The answer is (A). 
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MATERIALS SCIENCE-24 


Comparing the face-centered cubic lattice with the hexagonal close-packed lat- 
tice, which of the following features describes the hexagonal close-packed 
structure only? 

(A) It has the closest packed lattice structure. 

(B) Its coordination number is 12. 


(C) Its deformation properties are more directional. 
(D) Its stacking order is ABCABC. 


Options (A) and (B) are true for both face-centered cubic and hexag- 
onal close-packed structures, while option (D) is true for the face- 
centered cubic lattice. Option (C) applies to the hexagonal close- 
packed lattice only. 


The answer is (C). 


MATERIALS SCIENCE-25 


In the following unit cell, what direction is indicated by the arrow? 


(A) (01 2) (B) (013) (C) (210) (D) (031) 
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Direction is given by the intercepts, as ratios of the lattice dimension. 


MATERIALS SCIENCE-26 
What are the Miller indices of the given plane? 


(A) (44 4) (B) (111) (©) (433) (D) (2 2 2) 


The z, y, and z intercepts are aj, az, and a3, respectively, since 
a, = ag = ag = 4. The Miller indices are 


(OO) W)-« 
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MATERIALS SCIENCE-—27 
What are the Miller indices of the given plane? 


(A) (3 2 1) (B) (3 31) (C) (§  &) (D) (2 36) 


The intercepts for this plane are aj, 2a2/3, and a3/3. The Miller 
indices are 


-1 


-1 (22\7" (38 
a 
E (E) (2) Jene 


The answer is (D). 


MATERIALS SCIENCE-28 


A plane intercepts the coordinate axis at z = 1, y = 3, and z = 2. What are the 
Miller indices of the plane? 


(A) (13 2) (B) (1 2 3) (C) (6 2 3) (D) (3 2 6) 


intercept and converting to whole numbers of the same ratio. 


The answer is (C). 
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MATERIALS SCIENCE-29 


Which of the following gives the correct designations for the planes shown? 


I H m. 
(A) I: (111), UT: (200), Il: (110) 
(B) t: (100), I: (110), II (111) 
(C) I: (100), T (111), Ill: (102) 
(D) I: (100), I: (111), IMI (110) 


I. Since the plane passes through the origin, move the plane to x 


y = oo, z = oo. Take reciprocals of the intercepts. 


II. Since the plane passes through the origin, move the plane to 


—1, y=1, z = 1. Take reciprocals of the intercepts. 
1 1 1 
-={-1, -=1,-= -111 
pooh gah get (111) 


(—1 11), but (—1 1 1) is identical to (1 1 1). 


III. Since the plane passes through the origin, move the plane to z 
—1, y=1, z = œ. Take reciprocals of the intercepts. 


1 
= 1 -= = — 
l, > 0 (-110) 


a 1 0) is identical to (1 1 0). 


The answer is Pe 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


= a = 


II 


MATERIALS SCIENCE 9-17 


MATERIALS SCIENCE-30 


Using the four-index scheme for a hexagonal crystal system, how would the 
directions F and G shown be defined? 


The F vector is the sum of one unit in the positive a; direction and 
one unit in the negative a3 direction. The G vector is the sum of 
one unit in the negative a; direction, two units in the positive ag 
direction, and one unit in the negative ag direction. 
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MATERIALS SCIENCE-31 


Given that a is a lattice constant and that h, k, and l are the Miller indices, 
which of the following equations describes the interplanar distance d in a cubic 
crystal? 


(B) d=a(5+7+7) 
(©) a= (3) vier re 


a 
D) d= ——_—_——— 
(D) d= ere 
Geometrically, 1/d? = (h? + k? + I?)/a?. Therefore, 


a 


Vh +k? + 1? 


The answer is (D). 


MATERIALS SCIENCE-32 


The atomic weight of copper is 63.5 g/mol. Calculate the theoretical density of 
copper pa that the unit cell is face-centered cubic and the lattice parameter 
is 3.61 A. 


(A) 4.5 g/cm? (B) 7.9 g/cm? (C) 8.8 g/cm? (D) 9.0 g/cm? 


There are four atoms per unit cell for a face-centered cubic structure. 
By definition, 


aia 


atoms E 1 mol 
je | 
_ ( unit = G i zA (cw x 1023 z=) 


(6e A) ez) 


= 8.97 g/cm? (9.0 g/cm*) 
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MATERIALS SCIENCE-33 
Determine the planar density of copper atoms in a (1 0 0) plane given that the 
unit cell is face-centered cubic and the lattice parameter is 3.61 A. 


(A) 7.68 x 1018 atoms/m? 
(B) 1.53 x 101° atoms/m? 
(C) 2.30 x 101° atoms/m? 
(D) 3.84 x 10?° atoms/m? 


There are two atoms total in the (1 0 0) plane. The planar density 
is, therefore, 


no. atoms per face 


planar density = area of face 


2 atoms 


19 2 
= G61 x10- m2 1.53 x 10°" atoms/m 


The answer is (B). 


MATERIALS SCIENCE-34 
Which of the following statements is FALSE regarding X-ray diffraction? 


(A) The geometrical structure factor F(hkl) is the ratio of the amplitude of 
the X-ray reflected from a plane in a crystal to the amplitude of the X-ray 
scattered from a single electron. 


(B) X-ray diffraction is only useful for studying simpler crystals such as the 
body-centered cubic structure, rather than more complex crystals like the 
hexagonal close-packed structure. 


(C) X-ray diffraction can be used to determine the grain size of a specimen. 


(D) Bragg’s law states that nA/2d = sin@ (n is an integer, A is the wavelength 
of the X-ray, d is the interplanar spacing, and @ is the scattering angle). 
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X-ray diffraction is used to study all types of crystals. It is not limited 
to simple crystals. 


MATERIALS SCIENCE-35 


A sample of face-centered cubic nickel (Ni) was placed in an X-ray beam of 
wavelength A = 0.154 nm. If the lattice parameter for Ni is aj = 0.352 nm, what 
is the first-order angle of diffraction most nearly? 

(A) 5.7° (B) 7.0° (C) 13° (D) 19° 


Using Bragg’s law, with n = 1, A = 0.154 nm, and d = 0.352 nm, 


A = 2dsin@ 
8 = sin”! = = sin"! oo 
2d (2)(0.352 nm) 
= 12.6° 


The answer is (C). 


MATERIALS SCIENCE-36 

In a crystal structure, what is an interstitial atom? 
(A) an extra atom sitting at a nonlattice point 
(B) an atom missing at a lattice point 


(C) a different element at a lattice point 
(D) a line defect 


An interstitial atom is an extra atom lodged within the crystal struc- 
ture; it is a point defect. 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


z A th. = & = = 


MATERIALS SCIENCE 9-21 


MATERIALS SCIENCE-37 

Which of the following is a line defect in a lattice crystal structure? 
(A) tilt boundary 

(B) screw dislocation 

(C) vacancy i 

(D) Schottky imperfection 


The most common type of line defect is a dislocation. 


The answer is (B). 


MATERIALS SCIENCE-38 


It is often desired to know the number of atoms, n, in a crystal structure that 
possess more than a specified amount of energy, E. Which of the following 
equations gives n, given that N is the total number of atoms present, M is a 
constant, k is the Boltzmann constant, and T is the temperature of the specimen? 


(A) n= Fee WENT (B) n= sare 


(C) n= MNe7E/tT (D) n= MNe*T/E 


The equation in option (C) is the correct relationship for thermal 
energy distribution within a specimen. 


The answer is (C). 


MATERIALS SCIENCE-39 


Which of the following statements regarding diffusion in a crystal structure is 
true? 


(A) Solid interstitial atoms cannot diffuse through structures that lack vacancies. 
(B) It occurs only in alloys, never in pure crystals. 

(C) It often uses an exchange or vacancy mechanism. 

(D) It occurs primarily as a result of mechanical work. 


Diffusion is the movement of a defect from one point to another. 


The answer is (C). 
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MATERIALS SCIENCE-—40 


What is Fick’s first law for one-dimensional, steady-state diffusion? C is the 
volume concentration of atoms, x is the distance along which diffusion occurs, 
D is the diffusion coefficient, and J is the flux or current density. 


oc - aD 
(A) J=-D=— B) J= 
ee (-3) a (D) Jaw 


The flux is proportional to the diffusion constant and the concentra- 
tion gradient 0C'/Ox. 


The answer is (A). 


MATERIALS SCIENCE-41 


Which of the following are true about Fick’s first law for diffusion? 


I. It is only applicable to gases and liquids, not solids. 
Il. The law states that the flux moves from high to low concentration. 
Ill. J, the flux, may be in units of cm3/cm?-s. 


(A) I only (B) II only (C) II only (D) II and III 


Fick’s law says that the flux of diffusion is proportional to the negative 
volume concentration gradient; the negative sign indicates that the 
flux is in the down-gradient direction. It applies to diffusion in a 
crystal. Flux, by definition, is the amount of volume moving across a 
unit surface area in unit time. 


The answer is (D). 


What is the Arrhenius equation for the rate of a thermally activated process? A 
is the reaction constant, T is the absolute temperature, R is the gas constant, 
and Q is the activation energy. 


(A) rate = Ae~@/FT (B) rate = Ae~@RT 
(C) rate = Ae@/FT (D) rate = AeQRT 
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The rate increases as the thermal energy increases. 


The answer is (A). 


MATERIALS SCIENCE—43 


Which of the following statements is FALSE? 
(A) The surface energy of a liquid tends toward a minimum. 


(B) The surface energy is the work required to create a unit area of additional 
space. 

(C) The energy of an interior atom is greater than the energy of an atom on 
the surface of a liquid. 

(D) Total surface energy is directly proportional to the surface area. 


In a liquid, the energy of a surface atom is greater than the surface 
energy of an interior atom. Note: Although surface energy and surface 
tension have the same numerical value, they have different units. 


The answer is (C). 


MATERIALS SCIENCE-44 


Which point on the stress-strain curve shown gives the ultimate stress? 


C 


Lad 


m | 


(A) A (B) B (C) C (D) D 
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The ultimate stress corresponds to the point of maximum load, 


beyond which further strain is accompanied by a reduction in load. 


MATERIALS SCIENCE-—45 


A stress-strain diagram for a polymer is shown. Identify items A, B, and C. 


(A) A = lower yield point; B = plastic deformation; C = upper yield point 
(B) A = lower yield point; B = proportional limit; C = upper yield point 
(C) A = yield point; B = elastic deformation; C = elastic limit 

(D) A = yield point; B = elongation at fracture; C = fracture point 


Beginning at the yield point, considerable elongation occurs with no 
noticeable increase in tensile stress. Eventually, fracture occurs. The 
total strain at fracture is known as the elongation. 


The answer is (D). 
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MATERIALS SCIENCE—46 


Which statement is true for the stress-strain relationship for the metal shown? 


(A) Point A is the lower yield point. 

(B) Point D is the fracture stress point. 

(C) Point B is the upper yield point. 

(D) The range from point C to point D is known as the elastic range. 


Point A is the elastic limit, and point D is the ultimate stress point. 
The region between points C and D is not the elastic region but the 
plastic region. Only option (C) is true. 


The answer is (C). 


MATERIALS SCIENCE-47 


Identify the properties of the materials whose stress-strain diagrams are shown. 


- € € € 
I. Tl. Til. 


(A) I: soft and weak; II: soft and tough; II: hard and brittle 
(B) I: hard and brittle; II: soft and weak; III: hard and tough 
(C) I: soft and tough; II: hard and brittle; III: hard and strong 
(D) I 


: hard and strong; II: soft and brittle; III: soft and tough 
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The properties and their relationships to the stress-strain diagrams 
are given in the following table. 


elastic yield elongation ultimate 
i modulus point at fracture strength 
hard and brittle high undefined low moderate to high 
soft and weak low low moderate low 
hard and tough high high high high 


The answer is (B). 


MATERIALS SCIENCE-48 


Which statement is most accurate regarding the two materials represented in 
the given stress-strain diagrams? 


g g 


material A material B 


(A) Material B is more ductile and has a lower modulus of elasticity than 
material A. 


(B) Material B would require more total energy to fracture than material A. 


(C) Material A will withstand more stress before plastically deforming than 
material B. 


(D) Material B will withstand a higher load than material A but is more likely 
to fracture suddenly. 
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From the graphs, the modulus of elasticity of material B is greater 
than that of material A. This means that material A is more duc- 
tile, that is, it can undergo more strain before fracturing. However, 
material B can withstand higher loads than material A. Only option 
(D) is correct. 


MATERIALS SCIENCE-—49 


If the diagram below represents deformation of rigid bodies, what do z, y, m, 
and n refer to? 


(A) x = stress, y = strain, m = plastic deformation, n = elastic deformation 
(B) x = strain, y = stress, m = plastic deformation, n = elastic deformation 
(C) «= stress, y = strain, m = elastic deformation, n = plastic deformation 
(D) z = strain, y = stress, m = elastic deformation, n = plastic deformation 


Option (C) is the only choice that fits the graph. 


| The answer is (C). | 
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MATERIALS SCIENCE-50 
Which of the following best describes the 0.2% offset yield stress? 


(A) It is the elastic limit after which a measurable plastic strain has occurred. 
(B) It is the stress at which the material plastically strains 0.2%. 
(C) It is the stress at which the material elastically strains 0.2%. 
(D) It is 0.2% below the fracture point of the material. 
By definition, the offset yield stress is where the material undergoes 
a 0.2% plastic strain. 


MATERIALS SCIENCE-51 


Which of the following is true regarding the ductile-to-brittle transition temper- 
ature? 


I. It is important for structures used in cold environments. 


II. It is the point at which the size of the shear lip or tearing rim goes to 
Zero. 


TI. It is the temperature at which 20 J of energy causes failure in a Charpy 
v-notch specimen of standard dimensions. 
(A) I only (B) I and II (C) I and III (D) II and III 


II is the only choice that is false. A test piece broken at 20 J of energy 
usually has a small shear lip. 


The answer is (C). 


MATERIALS SCIENCE-52 
Which of the following are true regarding creep? 
I. It is caused by the diffusion of vacancies to edge dislocations, permitting 
dislocation climb. 
II. It involves the plastic deformation of materials at loads below the yield 
stress. 


III. It may involve whole grain sliding. 
(A) I only (B) II only (C) I and III (D) I, II, and III 
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All are true. 


The answer is (D). 


MATERIALS SCIENCE-53 


to have plastic flow in a crystal at shear stresses lower than the critical shear 
stress. What is this phenomenon called? 


(A) slip (B) twinning (C) creep (D) bending 


Creep involves the flow of material. 


The answer is (C). 


MATERIALS SCIENCE-54 
What does the Charpy impact test measure? 


I, the energy required to break a test sample 
II. the strength of a test sample 
III. the ductile to brittle transition temperature of metals 


(A) I only (B) II only (C) III only (D) I and IN 


The Charpy test measures toughness, the energy required to break a 
sample. By conducting the test at different temperatures, the brittle tran- 
sition temperature can be determined. 


The answer is (D). 
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MATERIALS SCIENCE-55 
A shaft made of good quality steel breaks in half due to fatigue. What would 
the surface of the fracture site look like? 
(A) like a cup and cone 
(B) quite smooth to the unaided eye, with ripples apparent under low-power 
magnification 
(C) smooth over most of the surface, with tearing at the location of fracture 
(D) very jagged and rough 
Typically, the surface is mostly smooth. Where final fracture took 


MATERIALS SCIENCE-56 


To which of the following can the large discrepancy between the actual and 
theoretical strengths of metals mainly be attributed? 


(A) heat (B) dislocations (C) low density (D) stress direction 


Although point defects do contribute to the discrepancy in strengths, 
the major reason for the difference is the presence of dislocations. 


The answer is (B). 


MATERIALS SCIENCE-57 


The ease with which dislocations are able to move through a crystal under stress 
accounts for which of the following? 


I. ductility 
II. lower yield strength 
HI. hardness 


(A) I only (B) II only (C) II only (D) I and II 


The ease with which dislocations move through a crystal accounts for 
its ductility and lower yield strength. 


The answer is (D). 
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As the amount of slip increases, additional deformation becomes more difficult 
and decreases until the plastic flow finally stops. Slip may begin again only if a 
larger stress is applied. What is this phenomenon known as? 
(A) cooling (B) crowding 
(C) strain hardening (D) twinning 


This is known as strain hardening. 


The answer is (C). 


MATERIALS SCIENCE-59 
Which word combination best completes the following sentence? 


“Plastic deformation of a single crystal occurs either by —. or 
by —______, but ______ is the more common method.” 

(A) bending; compression; bending 

(B) shearing; compression; compression 

(C) slip; twinning; slip 

(D) twinning; slip; twinning 
Bending, compression, and shear are elastic phenomena. Slip is a 
more common method of plastic deformation than twinning. 


The answer is (C). 


MATERIALS SCIENCE-—60 
Which one of these statements is true for twinning? 


(A) It occurs at lower shear stresses than slip. 

(B) It is the most significant form of plastic deformation. 

(C) It cannot be caused by impact or thermal treatment. 

(D) It frequently occurs in hexagonal close-packed structures. 


Options (A), (B), and (C) are false. Twinning requires a relatively 
high shear stress, is much less common than slip, and can be caused 
by impact or thermal treatment. It occurs in hexagonal close-packed 
crystal structures. 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


= * # 


9-32 1001 SOLVED ENGINEERING FUNDAMENTALS PROBLEMS 


MATERIALS SCIENCE-61 


Which of the following does NOT produce vacancies, interstitial defects, or im- 
purity defects in a material? 


(A) plastic deformation 

(B) slow equilibrium cooling 

(C) quenching 

(D) increasing the temperature (which increases atomic energy) 


Slow equilibrium cooling is used to reduce variations in the material. 


The answer is (B). 


MATERIALS SCIENCE-62 
Which of the following are true statements about the modulus of elasticity, Æ? 


(A) It is the same as the rupture modulus. 

(B) It is the slope of the stress-strain diagram in the linearly elastic region. 
(C) It is the ratio of stress to volumetric strain. 

(D) Its value depends only on the temperature of the material. 


The modulus of elasticity is equal to the ratio of stress to strain for a 


particular material. It is the slope of the stress-strain diagram in the 
linearly elastic region. 


The answer is (B). 
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MATERIALS SCIENCE-63 


What is the modulus of elasticity, E, for a composite material in which the fibers 
take up 20% of the total volume and the load is applied parallel to the fibers as 
shown? 


Esper = 1.38 x 101? Pa 
Ematrix = 3-45 X 108 Pa 


matrix 


(A) 2.76x10!° Pa (B) 2.95x10!° Pa (C) 1.38x10!! Pa (D) 3.45x10!! Pa 


The matrix and fibers experience the same strain, e. The total stress, 
g, is the sum of the stresses carried by the fibers and the matrix. 


o = EyeV; + Eme(1 — V7) 
Vy is the fraction of the total volume taken up by the fibers. Thus, 


E=— = E Vf + Em(1 — Vy) 


Z 
€ 
= (1.38 x 10!! Pa)(0.2) + (3.45 x 10ê Pa)(1 — 0.2) 
= 2.76 x 10° Pa 


The answer is (A). 


MATERIALS SCIENCE-64 
What is the proper relationship between the modulus of elasticity, Æ, the Poisson _ 
ratio, v, and the bulk modulus of elasticity, K? 


(A) B=K(1-2)— (B) B= K(1-v) 
(©) E=; sE (D) E =3K(1 - 2) 
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For an element in triaxial stress, the unit volume change can be ob- 
tained from Hooke’s law. The resultant equation is given by option 


The answer is (D). 


MATERIALS SCIENCE-65 


A crystal is subjected to a tensile load acting along its axis. œ is the angle 
between the tensile axis and the slip plane as shown. At what value of a will 
the shear stress in the slip plane be a maximum? 


F 


ee nae axis 


slip plane 


(A) 0° (B) 30° (C) 45° (D) 60° 
The component of force along the shear surface is equal to F cosa. 


The area of the shear surface, A,, is related to the cross-sectional 
area, A, by A, = A/sina. 


F cosa (3). 
T= = | — } sina cosa 


A 


sina 
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Taking the first derivative and setting it equal to zero, 


a = (3) (cos? a — sin? a) =0 
cos? a — sin? a =0 


cosa = sing 


a = 45° 


MATERIALS SCIENCE-—66 


An axial stress co, = F/A is applied as shown. Calculate the resolved shear 
stress, Ty, along the slip plane. 


Ty 


slip direction 


normal line 
to slip plane 


slip plane 


F 
1 1 V2 3 
(A) = q°* (B) ty = 572 (C) Ty = “3 72 (D) 7, = 17 
F * ta] oO 
Ty = (4) sin 60° cos 30 
_ 7, (ENZ 
= ee Le) 
= TA 
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MATERIALS SCIENCE-67 


If G is the shear modulus, b is the magnitude of the Burgers vector, and r is 
half the distance between particles, what is the local stress, 7, required to bend 
dislocations around a particle? 

Gb , ~ or m Gr 
A) — B) Gb = D) =- 
(A) = (B) Gor ©% D) + 


Line tension is given by T =2T/bl. T = Gb? and | = 2r. Therefore, 
Tt = Gb/r. 


The answer is (A). 


MATERIALS SCIENCE-68 


Given that d is the distance between dislocations and 6 is the magnitude of the 
Burgers vector, what is the expression for the misorientation angle @ of a tilt 
boundary? 

d 


(A) sin? = 3 (B) tané = ‘ (C) @= 


By definition, tan @ = b/d. 


The answer is (B). 


MATERIALS SCIENCE-69 
In general, what are the effects of cold working a metal? 


(A) increased strength and ductility 
(B) increased strength, decreased ductility 
(C) decreased strength and ductility 
(D) decreased strength, increased ductility 


The strength of the metal will increase at the expense of a loss in 
ductility. 


The answer is (B). 
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MATERIALS SCIENCE-—70 


Which of the following does cold working a metal cause? 


(A) 


(B) 


elongation of grains in the flow direction, an increase in dislocation density, 
and an overall increase in energy of the metal 

elongation of grains in the flow direction, a decrease in dislocation density, 
and an overall decrease in energy of the metal 

elongation of grains in the flow direction, a decrease in dislocation density, 
and an overall increase in energy of the metal 

shortening of grains in the flow direction, a decrease in dislocation density, 
and an overall decrease in the energy of the metal 


Cold working a metal produces elongations of grains coupled with 
increases in both dislocation density and energy. 


The answer is (A). 


MATERIALS SCIENCE-71 
Which of the following statements is FALSE? 


(A) 


The amount or percentage of cold work cannot be obtained from informa- 
tion about change in the area or thickness of a metal. 

The process of applying force to a metal at temperatures below the tem- 
perature of crystallization in order to plastically deform the metal is called 
cold working. 

Annealing eliminates most of the defects caused by the cold working of a 
metal. 


Annealing reduces the hardness of the metal. 


The percentage of cold work can be calculated directly from the re- 
duction in thickness or area of the metal. 


The answer is (A). 
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MATERIALS SCIENCE-72 

Which of the following statements is FALSE? 

(A) There is a considerable increase in the hardness and the strength of a cold- 
worked metal. 

(B) Cold working a metal significantly reduces its ductility. 

(C) Cold working causes a slight decrease in the density and electrical conduc- 
tivity of a metal. 

(D) Cold work decreases the yield point of metal. 


Cold working increases the yield point as well as the strength and 
hardness of metal. 


The answer is (D). 


MATERIALS SCIENCE-73 


Which of the following statements is FALSE? 


(A) Hot working can be regarded as the simultaneous combination of cold work- 
ing and annealing. 


(B) Hot working increases the density of the metal. 


(C) One of the primary goals of hot working is to produce a fine-grained prod- 
uct. 


(D) Hot working causes much strain hardening of the metal. 


In hot working, the high temperature immediately releases any strain 
hardening that could occur in the deformation of the metal. 
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MATERIALS SCIENCE-74 
Which of the following is FALSE? 


(A) 


(B) 


Grain size is of minor importance in considering the properties of poly- 
crystalline materials. 

Fine-grained materials usually exhibit greater yield stresses than coarse- 
prained materials at low temperatures. 

At high temperatures, grain boundaries become weak, and sliding occurs. 
Grain boundary sliding is the relative movement of two grains by a shear 
movement parallel to the grain boundary between them. 

Grain size is an important factor to consider in understanding the 
properties of polycrystalline materials because it affects the area and 
length of the grain boundaries. 


The answer is (A). 


MATERIALS SCIENCE~75 


Which of the following correctly describes atoms located at grain boundaries? 


(A) 


They are subjected to the same type of interatomic forces that are present 
in the interior atoms of the crystal. 


They are located primarily in highly strained and distorted positions. 


They have a higher free energy than atoms in the undisturbed part of the 
crystal lattice. 


All of the above are correct. 


All are correct statements regarding atoms at the grain boundary. 


The answer is (D). 


MATERIALS SCIENCE-76 


What causes the vinyl interiors of automobiles to crack when subjected to pro- 
longed direct sunlight? 


(A) 
(B) 
(C) 
(D) 


the volatilization (evaporation) of plasticizers 
repetitive expansion and contraction of the plastic 
oxidation of the plastic by sunlight and oxygen 

all of the above 


All of the statements are true. 


| The answer is (D). | 
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MATERIALS SCIENCE-77 


Low-density polyethylene undergoes extensive (over 100%) elongation prior to 


rupture, while polystyrene undergoes only 1-2% elongation. What is the main 
reason for this difference? 


(A) The polyethylene is less dense. 

(B) The large styrene groups in the polystyrene prevent slippage. 
(C) More cross-linking. occurs in the polystyrene. 

(D) Polyethylene is less crystalline. 


Polystyrene has large styrene groups on the side of its carbon chain. 
These prevent slippage, making the polystyrene brittle. 


The answer is (B). 


MATERIALS SCIENCE-78 
Which of the following describe(s) the modulus of elasticity of an elastomer? 
I. It is directly proportional to the number of cross links in the elastomer. 


II. Its value increases with temperature. 


II. It is directly proportional to the number of double bonds in the chemical 
structure. 


(A) I only (B) II only (C) III only (D) I and II 


Choice III is false, since a double bond prevents rotation along the 
bond, inhibiting elasticity. 


The answer is (D). 


MATERIALS SCIENCE-79 


Which statement(s) describe(s) the glass transition temperature? 
I, It is the temperature at which the rate of volume contraction decreases 
abruptly. 


II. It is the temperature at which residual stresses in the glass can be 
relieved. 


III. It is the point where the material behaves more like a solid than a 
viscous liquid. 


(A) I only (B) I and II (C) I and III (D) II and III 
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The glass transition temperature is the point at which the free move- 
ment of the glass molecules past each other becomes difficult. The 
glass begins to act like a solid, increasing in specific volume. 


MATERIALS SCIENCE-80 


If the following diagram represents the sintering of the ceramic MgO, what could 
the curves zx and y refer to? 


increase in property 


1000 1200 1400 1600 1800 
sintering temperature (°C) 


(A) x = grain size; y = porosity 
(B) x = grain size; y = strength 
(C) z = porosity; y = grain size 
(D) z = strength; y = grain size 


As the sintering temperature increases, the strength of a ceramic will 


increase first and then drop abruptly. The grain size will increase 
linearly with rising temperature. 


The answer is (D). 
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MATERIALS SCIENCE-81 


Of the following inorganic glasses, which have tetrahedral lattice structures? 


SiO», B203, BeF», GeO2 
(A) SiO, and B203 
(B) SiOz and BeF» 
(C) SiO», B2053, and BeF, 
(D) SiO», BeF», and GeO 


SiOz, BeFe, and GeO%2 have tetrahedral structures. B203 has an 
almost triangular structure. 


The answer is (D). 


MATERIALS SCIENCE-82 


Which of the following is NOT an important criterion for forming a complete 
binary solid solution? 


(A) The difference in radii should be less than 15%. 

(B) The constituent elements must have the same crystal structure. 
(C) The atoms should be close to one another in the periodic table. 
(D) The difference in atomic numbers should be small. 


All choices except option (D) are criteria for a binary solid solution. 


The answer is (D). 


MATERIALS SCIENCE-83 


How can an ordered solid solution be distinguished from a compound? 


(A) In an ordered solid solution, the solute atoms occupy interstitial positions 
within the lattice. 


(B) The solute atoms in an ordered solid solution substitute for atoms in the 
parent lattice. 

(C) The atoms in an ordered solid solution form layers in the lattice structure. 

(D) When heated, an ordered solid solution becomes disordered before melting. 


Unlike a compound, an ordered solid solution becomes disordered 
when heated. 


The answer is (D). 
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MATERIALS SCIENCE-—84 

What is transformed in a eutectoid reaction? 

(A) One liquid is transformed into two solids of different composition. 

(B) A solid becomes a liquid at the eutectic temperature. 

(C) A liquid becomes a solid at the solidus temperature. 

(D) A solid becomes a liquid at the liquidus temperature. 
In a eutectoid reaction, one liquid is transformed into two different 
solids. 


The answer is (A). 


MATERIALS SCIENCE-85 


Which of the following is the correct representation of a eutectic cooling reaction? 
(The subscripts denote different compositions.) 


A) (liquid) — (solid); + (solid) 
solid); + (liquid) — (solid) 
solid); — (solid)2 + (solid)3 
solid); + (solid), — (solid) 


“SGN 


( 
(B) 
(C) 
(D) 


~m~ 


A eutectic reaction is the transformation from one liquid phase to two 
solid phases. 


The answer is (A). 


MATERIALS SCIENCE-86 


Two pieces of copper are brazed together using a eutectic alloy of copper and 
silver. The braze material melts at 780°C. If a second braze is attempted in 
order to attach another piece of copper, which of the following is true? 


(A) The first braze will melt if the braze temperature is again 780°C. 
(B) The braze temperature must be lowered below 780°C. 

(C) The first braze will partially melt, causing the parts to slide. 

(D) The first braze will not melt at 780°C, but the second braze will. 


All compositions of copper and silver other than the eutectic will have 
a melting point higher than the eutectic temperature. The alloy of the 
first braze will dissolve somewhat into the copper pieces, changing its 
composition. It will not melt again at the second braze temperature 
of 780°C, 


The answer is (D). 
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MATERIALS SCIENCE-87 


On an alloy phase diagram, what is the solidus temperature? 
(A) The point at which all solids completely reach the liquid stage. 


(B) The temperature of the liquid phase at which the first solid forms for a 
given overall composition. 


(C) The temperature of the solid phase at which the first liquid forms for a 
given overall composition. 

(D) The temperature at which the solid is at equilibrium. 
The solidus temperature is the temperature at which liquid first 
forms. 


The answer is (C). 


MATERIALS SCIENCE-88 


In this phase diagram, what can be said about the phases present in regions I, 
II, and III? 


temperature 


A l composition B 


(A) a, p, and y are present in region I. 
(B) @ and y are present in region II. 

(C) a, 8, and y are present in region III. 
(D) a and y are present in region III. 


6 and y are present in region II. y is not present in region III, nor is 
@ present in region I. 


B). | 
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MATERIALS SCIENCE-89 

Given the following phase diagram, determine the percentage of liquid remaining 
at 600°C that results from the equilibrium cooling of an alloy containing 5% 
silicon and 95% aluminum. 


liquid 


so as äi 
600 -B 11.6% Si 


temperature {°C} 


550 


Si (%) 


(A) 0.0% (B) 47% (C) 53% (D) 67% 


Use the lever rule. At point A there is 1.4% Si and no liquid, while 
at point B there is 9.1% Si and all liquid. Therefore, 


5% — 1.4% 


percent liquid = 01% 21.4% 


x 100% = 47% 


The answer is (B). 
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MATERIALS SCIENCE-90 


Consider the Ag-Cu phase diagram given. Calculate the equilibrium amount of 
ê in an alloy of 30% Ag, 70% Cu at 850°C. 


1083° 


8.8% 28.1% 


temperature (°C) 


0 10 20 30 40 60 60 70 80 90 100 
Ag Cu 
Cu (wt %) 


(A) 0.0% (B) 22% (C) 49% (D) 52% 
At 70% Cu, A = 49% Cu and B = 92% Cu. 


% Cu in alloy — % Cu at point A 


Cer 8 = me aaam 
percent p % Cu at point B — % Cu at point A 


x 100% 


_ 70% — 49% 


The answer is (C). 
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MATERIALS SCIENCE-91 
Using the given phase diagram, what are the relative weights of phases a, and 
Qz for an alloy of 70% B at temperature 71? 


temperature 


n}-------#------------> 


0 10 20 30 40 60 60 70 80 90 100 
B 
B (wt %) 


(A) 10% a1, 90% az 
(B) 30% a1, 70% az 
(C) 50% a1, 50% az 
(D) 70% ay, 30% az 


Let Wo, denote the weight fraction of a, and Ww, denote the weight 
fraction of a2. From the diagram, Ca, = 25% and Cy, = 75%. Then, 


War -+ Was = 1 
Wor Ca; + WazĈaz = Co 


Solving the two equations using Co = 70%, 


Cap —Co 75% — 70% 


Ca, —Ca, 75% —25% 10% 


Wa, = 


The answer is (A). 
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MATERIALS SCIENCE-92 


For 50% B at 1275°C as shown, what is the relative amount of each phase 
present? 
1500 
1400 


1300 
1275 |- 


rature (°C) 


tempe 


1200 


1100 - 


0 1 20 30 40 50 60 70 80 90 100 
A B 
B (wt %) 


(A) 40% liquid, 60% solid 
(B) 45% liquid, 55% solid 
(C) 50% liquid, 50% solid 
(D) 60% liquid, 40% solid 


From the phase diagram, Ca = 65% and Cz = 40%. With Co given 
as 50%, and denoting the weight fraction of liquid and solid by Wz 
and Wa, respectively, 


Wr +Wa =1 
WLC + WaCa = Co 


Ca — Co _ 65% — 50% 


=O, =C = 65% —40% ~ 0% 
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MATERIALS SCIENCE 


MATERIALS SCIENCE-93 
Which of the following is NOT a structural class of steels? 


(A) carbon 

(B) high-strength, low-alloy 
(C) low-alloy 

(D) tool and die 


“Tool and die” steel is an application class, not a structural class. 


The answer is (D). 


MATERIALS SCIENCE-—94 
Which of the following phases of steel has a face-centered cubic structure? 


(A) ferrite (B) cementite (C) pearlite (D) austenite 
Only austenite has a face-centered cubic structure. 


The answer is (D). 


MATERIALS SCIENCE-95 


9-49 


Low-carbon steels are generally used in the “as rolled” or “as fabricated” state. 


What is the reason for this? 


(A) They come in many different shapes and thicknesses. 

(B) Their strength generally cannot be increased by heat treatment. 
(C) They degrade severely under heat treatment. 

(D) Their chromium content is so low. 


Since their strength cannot be increased by heat treatment, low- 
carbon steels are used as fabricated. 


The answer is (B). 
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MATERIALS SCIENCE-96 


The equilibrium cooling of a steel containing 0.8% carbon results in a product 
with little use because it is extremely brittle. Which of the following is the 
primary reason for this poor characteristic? 


(A) The material has not been cold worked. 

(B) The austenite grains are too small, and the carbide grains are too large. 
(C) Thick layers of iron carbide surround the coarse ferrite grains. 

(D) The carbide forms thin plates that are brittle. 


When hypereutectoid steels are slow cooled, brittle carbide plates are 
formed. 


The answer is 


MATERIALS SCIENCE-97 


Ductile cast iron and gray cast iron both contain 4% carbon. Ductile cast iron, 
however, has a higher tensile strength and is considerably more ductile. Which 
of the following is the major difference that accounts for the superior properties 
of the ductile iron? 


(A) The gray cast iron contains iron carbide, whereas the ductile iron contains 
graphite. 

(B) The gray cast iron contains flakes of graphite, whereas the ductile iron 
contains spheroids of graphite. 

(C) The ductile iron is tempered to give better properties. 

(D) The ferrite grains in the gray cast iron are excessively large. 


Gray cast iron contains flakes of graphite while ductile cast iron con- 
tains spheroids. The difference in the shape of the graphite gives 
the ductile cast iron approximately twice the tensile strength and 20 
times the ductility of the gray cast iron. 


The answer is (B). 
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MATERIALS SCIENCE—98 
In preparing a metallographic iron specimen, the grain boundaries are made 
most visible by which of the following steps? 
(A) grinding the sample with silicon carbide abrasive 
(B) polishing the sample with AlpO3 
(C) mounting the sample in an epoxy resin mold 
(D) etching the sample in a 2% solution of nitric acid in alcohol 

Etching the specimen with nitric acid in alcohol dissolves metal from 

the surface and preferentially attacks the grain boundaries. It is the 

last step in the sample preparation process. 


The answer is (D). 


MATERIALS SCIENCE-99 


Which of the following statements is FALSE? 

(A) Low-alloy steels are a minor group and are rarely used. 

(B) Low-alloy steels are used in the heat-treated condition. 

(C) Low-alloy steels contain small amounts of nickel and chromium. 
(D) 


The addition of small amounts of molybdenum to low-alloy steels makes 
it possible to harden and strengthen thick pieces of the metal by heat 
treatment. 


Low-alloy steels are one of the most commonly used classes of struc- 
tural steels. 


The answer is (A). 


MATERIALS SCIENCE-100 


(A) High-strength, low-alloy steels are not as strong as nonalloy, low-carbon 
steels. 

(B) Small amounts of copper increase the tensile strength of steels. 

(C) Small amounts of silicon in steels have little influence on toughness or 
fabricability. 

(D) Addition of small amounts of silicon to steel. can cause a marked decrease 
in yield strength of the steel. 
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Addition of small amounts of silicon to steel increases both the yield 
strength and the tensile strength. 


The answer is (D). 


MATERIALS SCIENCE-101 


Which of the following statements is FALSE? 
(A) Stainless steels contain large amounts of chromium. 


(B) There are three basic types of stainless steels: martensitic, austenitic, and 
ferritic. 


(C) The nonmagnetic stainless steels contain large amounts of nickel. 
(D) Stabilization of the face-centered cubic crystal structure of stainless steels 
imparts a nonmagnetic characteristic to the alloy. 


There are only two basic types of stainless steels: magnetic (marten- 
sitic or ferritic) and nonmagnetic (austenitic). 


The answer is (B). 


MATERIALS SCIENCE-102 


For a completely corrosion-resistant stainless steel, what minimum percentage 
of chromium in the alloy is required? 


(A) 1.1% (B) 3.2% (C) 8.3% (D) 11% 


For complete corrosion resistance, the chromium content must be at 
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MATERIALS SCIENCE 9-53 
MATERIALS SCIENCE-103 


Which of the following would most likely require a steel containing 0.6% carbon 
that has been spheroidized, cold-drawn, and slightly tempered? 

(A) a bridge beam 

(B) a water pipe 

(C) a cutting tool 

(D) a ball bearing 


has good strength and excellent toughness. A cutting tool undergoes 
tremendous stress loads due to the relatively small contact area. It 
requires a stronger material than do the other objects. 


The answer is (C) 
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OF MATERIALS 


MECHANICS OF MATERIALS-1 


MECHANICS 
10 


Where do stress concentrations occur? 


I. near the points of application of concentrated loads 
II. along the entire length of high distributed loads 
III. at discontinuities 


(A) I and II (B) I and III (C) andl (D) I, I, and III 


Stress concentrations occur under concentrated loads and at discòn- 
tinuities, not under distributed loads. 


The answer is (B). 


MECHANICS OF MATERIALS-2 


What is the definition of normal strain, ¢? (6 is elongation, and L is the length 
of the specimen.) 
L+6 L+6 


(A) e= = (B) «=—— (C) «= — 


Strain is defined as elongation per unit length. 


The answer is (D). 
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MECHANICS OF MATERIALS-3 


The column shown has a cross-sectional area of 13 m?. What can the approxi- 
mate maximum load be if the compressive stress cannot exceed 9.6 kPa? 


(A) 120 kN (B) 122 kN (C) 125 kN (D) 130 kN 


The equation for axial stress is 


a 
F= 


kN 2 
=124.8 kN (125 KN) 


The answer is (C). 


MECHANICS OF MATERIALS-4 


A copper column of annular cross section has an outer diameter, dg, of 5 m, and 
is subjected to an axial loading of 200 kN. The allowable compressive stress is 
14.4 kPa. The wall thickness, t, should be most nearly 


t 


(A) 0.5 m (B) 0.8 m (C) 1m (D) 2m 
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MECHANICS OF MATERIALS 10-3 


For axial stress, 


„=E 
"=A 
Then, 
A —_ 
dı = 
=27m 
Therefore, 


The answer is (C). 


MECHANICS OF MATERIALS-5 


What is most nearly the stress at surface S of the cylindrical object shown? The 
specific weight of the material is y = 76.9 kN/mê. 


F= 15 kN 


surface $ . 


(A) 100 kPa (B) 150 kPa (C) 200 kPa (D) 250 kPa 
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The stress at surface 5 is due to the weight of the material above it 
in addition to the force F. The total load is 


Roa =W +F = 7V+F 
faea EN\(T\ ino 2 eg 
= (75. =) (5) (0.3 m)?(0.5 m) + 15 kN 


= 17.72 kN 
ya Fota _ _17.72 KN 


= 250.7 kN/m? (250 kPa) 


MECHANICS OF MATERIALS-6 


Considering the stress-strain diagram for aluminum, which point is the fracture 
point? 


(A) A (B) B (C) € (D) D 


Point D is where fracture occurs. 


The answer is (D). 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


MECHANICS OF MATERIALS 10-5 


MECHANICS OF MATERIALS-—7 

In a stress-strain diagram, what is the correct term for the stress level at e = 0.2% 
offset? 

(A) the elastic limit 

(B) the plastic limit 

(C) the offset rupture stress 

(D) the offset yield stress 


This is known as the offset yield stress. 


The answer is (D) 


MECHANICS OF MATERIALS-8 


Consider this stress-strain diagram for a carbon steel in tension. Determine the 
region of perfect plasticity or yielding. 


| 

l 

I 

| 

| 

| 

| 

| 
D 


Df- 
O|- 


l 

| 

| 

l 

ie) A 
(A) Oto A (B) AtoB (C) BtoC (D) C to D 

The plastic region is between points A and B. O to A is known as the 


where reduction in area occurs. 


The answer is (B). 
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MECHANICS OF MATERIALS-9 
Under which type of loading does fatigue occur? 
(A) static load (B) plane load 
(C) high load (D) repeated load 


Fatigue occurs under repeated loading cycles. 


MECHANICS OF MATERIALS-10 


A specimen is subjected to a load. When the load is removed, the strain dis- 
appears. From this information, which of the following can be deduced about 
this material? 

(A) It is elastic. 

(B) It is plastic. 

(C) It has a high modulus of elasticity. 

(D) It does not obey Hooke’s law. 


By definition, elasticity is the property of a material by which it 
returns to its original dimensions during unloading. 


The answer is (A). 


MECHANICS OF MATERIALS-11 
Which of the following may be the Poisson ratio of a material? 
(A) 0.35 (B) 0.52 (C) 0.55 (D) 0.60 


The Poisson ratio must be in the range 0 < v < 0.5. Option (A) is 
the only answer that satisfies this condition. 


The answer is (A). 
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MECHANICS OF MATERIALS-12 


A 2 m long aluminum bar (modulus of elasticity = 70 GPa) is subjected to a 


(A) 3.5 mm (B) 5.0 mm (C) 7.5 mm (D) 9.0 mm 
From Hooke’s law, 
sar 
“ETI 
i (17s x 108 *) (2 m) 
a ee EE 
# 70 x 10° Z 
m 


= 0.005 m (5.0 mm) 


The answer is (B). 


MECHANICS OF MATERIALS-13 


A 600 mm tall thin plate is placed in tension by a 5000 kN force as shown. What 
is the height (y direction) of the plate while tension is applied? The modulus 
of elasticity, Æ, is 200 GPa, and Poisson’s ratio, v, is 0.3. Assume the load is 
distributed uniformly across the plate and the yield strength is not exceeded. 


600 mm 


section A-A 


F= 5000 kN 


(A) 599.7 mm (B) 599.9 mm (C) 600.2 mm (D) 600.5 mm 
PROFESSIONAL PUBLICATIONS, INC. 
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The Poisson ratio is defined as the negative ratio of lateral strain, Eys 
to axial strain, €z. Using this and the equation for axial stress and 


strain, 
v=-2 
Eg 
Ey = —VEx I 
a F 
“5” BA m 


vF (0.3)(5000 kN) 
Ey = == = CA O ENSA 
(200 x 108 =) (0.015 m?) 
= —0.0005 
Therefore, the width while the plate is in tension is 


w = 600 mm — 4, 
= 600 mm — (0.0005)(600 mm) 
= 599.7 mm 


The answer is (A). 


MECHANICS OF MATERIALS-14 


What is most nearly the lateral strain, ey, of the steel specimen shown if F,, = 
3000 kN, E = 193 GPa, and v = 0.29? 


(A) -4x 1074 = (B) -1x 10-4 (CG) 1x 104 (D) 4x 1074 
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MECHANICS OF MATERIALS 
From Hooke’s law and the equation for axial stress, 
rae os = ze _ _ ae kN 
(193 x 108 5) (0.04 m?) 
= 3.89 x 1074 


Use Poisson’s ratio. 
—vez = —(0.29)(3.89 x 1074) 
=1.13 x 1074 (—1 x 107) 


Ey 


The answer is (B). 


MECHANICS OF MATERIALS-15 
A steel specimen is subjected to a tensile force, F, of 2000 KN. If Poisson’s ratio, 
v, is 0.29 and the modulus of elasticity, Æ, is 193 GPa, the dilatation, e, is most 


nearly 
0.25 m 


Z 


(A) 6.5 x 107% (B) 8.8 x 10-5 (C) 8.8 x 1074 (D) 6.5 x 1074 


Dilatation is defined as the sum of the strain in all three coordinate 


directions. In the axial z direction, 
F 000 kN i 
€&€ = pA ee — =2.1x 1074 
a (193 x 108 =) (0.049 m?) 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


= a $ 


10-10 1001 SOLVED ENGINEERING FUNDAMENTALS PROBLEMS 


From Poisson’s ratio, 


Ex E 
y = =Z ee m 
Ez Ez 
Eq = by = —VEx 


= —(0.29)(2.1 x 1074) 
= —6.09 x 1075 


Therefore, 
e = Eg F Ey + Ez 


= (2.1 x 1074) + (2)(—6.09 x 1075) 
=8.82 x 107" (8.8 x 1075) 


The answer is (B). 


MECHANICS OF MATERIALS-16 


Given a shear stress of Tsy = 35000 kPa and a shear modulus of G = 75 GPa, 
the shear strain is most nearly 


(A) 2.5 x 1075 rad (B) 4.7 x 1074 rad 
(C) 5.5 x 10-4 rad (D) 8.3 x 1074 rad 


Hooke’s law for shear gives 


35.000 
T, m2 
75 x 106 7 


= 4.67 x 1074 rad (4.7 x 1074 rad) 


The answer is (B). 
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MECHANICS OF MATERIALS-17 


A 150 mm diameter rivet resists a shear force of V = 8 KN. Find the average 
shear stress in the rivet. 


150 mm 
(A) 230 kPa (B) 370 KPa (C) 430 kPa (D) 450 kPa 
pa Va BIN gs0.7 ew /m? (450 kPa) 


A (=) (0.150 m)? 


MECHANICS OF MATERIALS-18 


A steel bar carrying a 3000 kN load, F, is attached to a support by a round pin 
0.3 m in diameter. What is most nearly the average shear stress in the pin? 


(A) 10 MPa (B) 12 MPa (C) 21 MPa (D) 25 MPa 
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The pin will shear on two cross sections. 


F ___3000KN 
2A (2) (3) (0.3 m)? 


= 21221 kN/m? (21 MPa) 


T= 


The answer is (C). 


MECHANICS OF MATERIALS-19 


What is most nearly the maximum allowable load, F, if the factor of safety is 
1.5 and the compressive yield stress, Cyieia, is 20670 kPa? 


F 


125 mm 


125 mm 


— 


125 mm 
(A) 220 kN (B) 240 kN (C) 300 kN (D) 420 kN 


_ Fyield 
allowable = SF 


20670 eh 
= 7g = 13780 kN/m? 


F = @attowableA 


= (13 780 =) (0.125 m)? 


= 215.3 kN (220 kN) 


The answer is (A). 
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MECHANICS OF MATERIALS—20 


The allowable tensile stress for a 6.25 mm diameter bolt with a thread length 
of 5.5 mm is 207 MPa. The allowable shear stress of the material is 103 MPa. 
Where and how will such a bolt be most likely to fail if placed in tension? 
(Assume threads are perfectly triangular and that the force is carried at the 
mean thread height.) 


(A) at the root diameter due to tension 
(B) at the threads due to shear 

(C) at the root diameter due to shear 
(D) at the threads due to tension 


The bolt will most likely fail due to shearing of the threads or due to 
tensile failure of the bolt diameter. 


Fttowable,thread = Tallowable (average shear area) 
= Tallowable (rdh) 
kN À 
= (103 000 =) (377) (0.006 25 m)(0.0055 m) 
= 5.56 kN 
Fanowable,root = Tallowable(root area) 
kKN\ yr 2 
= (207 000 =) (5) (0.00625 m) 
= 6.35 kN 


The shear stress in the threads will exceed the allowable stress before 
the tensile load becomes excessive. 


ultimate strength of the nut material in shear is 103 MPa, what is most nearly 
the maximum allowable shear force on the nut threads using a safety factor of 5? 


(A) 0.72 kN (B) 0.8 kN (C) 1.0 kN (D) 1.1 kN 
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T 
Tallowable = SF 


103 000 aa) 
= —_____ 
5 
= 20600 kN/m? 
V = TallowableA = Tallowable (4ndh) 


= (20 600 =) ($7) (0.006 25 m)(0.0055 m) 


=1.11 kN (1.1 KN) 


The answer is (D). 


MECHANICS OF MATERIALS-22 


Determine the total length, L, of the fillet weld for the lap joint shown. The 
weld has to resist a tension, F’, of 500 kN. The effective throat for the weld, h, 


is 12 mm, and the allowable stress is 145 MPa. 


(A) 247 mm (B) 252 mm (C) 287 mm (D) 312 mm 
For a fillet weld, the average normal stress is 
-E 
= RL 
PTEN. a 500 kN 


ah (uss 000 =) (0.012 m) 


=0.287 m (287 mm 
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MECHANICS OF MATERIALS-23 


What is most nearly the elongation of the aluminum bar (cross section of 3 cm x 
3 cm) shown in the figure when loaded to its yield point? E = 69 GPa, and 
Gyield = 255 MPa. Neglect the weight of the bar. 


2.5m 


(A) 3.3 mm (B) 9.3 mm (C) 12 mm (D) 15 mm 
From Hooke’s law, the axial strain is 
a 255x 10° Pa 


‘=F xio Pa O 


The total elongation is 
§ = eL = (0.0037)(2.5 m) = 0.00925 m (9.3 mm) 


The answer is (B). 


MECHANICS OF MATERIALS-24 


What is most nearly the total elongation of the rod shown if Æ = 69 GPa? 
Neglect bending. 


A 


L,= 2.5m f 
D, = 300 mm - 


=4 end view 
D; = 150 mm — aa 


side view 


(A) 0.01 mm (B) 0.05 mm (C) 0.2 mm (D) 1.2 mm 
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total = EA, | EA» ~~ EF A Az 


-4E (I l 
nE \ D? D} 


rO (ma ea) 


=5.26 x10 m (0.05 mm) 


The answer is (B). 


MECHANICS OF MATERIALS-25 


What is most nearly the total elongation of this composite body under a force 
of 27 kN? E, = 70 GPa, and Ez = 100 GPa. 


F= 175 kN 


D, = 0.06 m end view 
D, = 0.12m 
side view 
(A) 0.075 mm (B) 0.73 mm (C) 1.2mm (D) 3.0 mm 
Total elongation is the elongation of section 1 plus the elongation of 
section 2. 
ict Mes 
total = 1 v2 = AiE\ AoE 
__(175 kKN)(0.5 m) + (175 kN)(1.0 m) 


T 2 e KN i 2 g KN 
7) (0.12 m) (70 x 10 =) (F) (0.06 m) (100 x 10 = 


=7.29x 10-4 m (0.73 mm) 


The answer is (B). 
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MECHANICS OF MATERIALS-26 


A 200 m cable is suspended vertically. At any point along the cable, the strain 
is proportional to the length of the cable below that point. If the strain at the 
top of the cable is 0.001, determine the total elongation of the cable. 


(A) 0.050 m (B) 0.10 m (C) 0.15 m (D) 0.20 m 


Since the strain is proportional to the cable length, it varies from 0 at 
the end to the maximum value of 0.001 at the supports. The average 


str in i 
strain is e Em 0.001 
avè — 2 z 2 
= 0.0005 


The total elongation is 


5 = €ave L = (0.0005)(200 m) 
= 0.10 m 


The answer is (B). 


MECHANICS OF MATERIALS-27 


The figure shows a two-member truss with a load F = 50000 kN applied stat- 
ically. Given that Lı = 1.2 m, Lz = 1.5 m, and each member’s cross-sectional 
area, A, is 4000 mm?, what is most nearly the elongation of member AB after 
F is applied? Use E = 200 GPa, 


(D) —23 mm 
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A free-body diagram of joint A gives 


Lz 


ViR+E 


- Rap = F' cosh = F 


_ _(50000 kN) (1.5 m) 
(1.2 m)? + (1.5 m)? 
Fas = —Rap = —39043 kN 
ae Faply 2 (—39 043 kN)(1.2 m) 


JAB = 
Be (200 x 106 =7) (0.004 m2) 


= 39043 kN [AB is in compression] 


= —0.0586 m (—59 mm) 


The answer is (A). 


MECHANICS OF MATERIALS—28 


The two bars shown are perfectly bonded to a common face to form an assembly. 
The bars have moduli of elasticity and areas as given. If a force of F = 1300 kN 
compresses the assembly, what is most nearly the reduction in length? 


F 


E, = 207 GPa 
Ag = 6500 mm? 


| E, = 200 GPa 
| A = 7700 mm? 


uncompressed 
length = 3m 


(A) 1.2 mm (B) 1.4mm (C) 1.5 mm (D) 1.6 mm 
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From the principle of compatability, both bars are compressed the 
same length. 


Since €] = €9, 


oes 
AE Agke 
A= (22 )m 
From a force balance, 
Fy + Fo = 1300 kN (1]] 


Fy = 1300 kN — F} 
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Combining equations I and II, 
Ak) p 
TH) Ś 


1300 1N - P3 = ( 


CEN A Er 
1300 kN = ( + TE) Fə 


= 1300 kN 
Fa = 1. m 

AgE, 

1300 kN 

1. (7700 mm_?)(200 GPa) 

(6500 mm?)(207 GPa) 
606.2 kN 

606.2 kN 


(0.0065 m2) (207 x 108 =) 
m 


Il 


E = 


= 4.51 x 1074 
ô = eL = (4.51 x 1074)(3 m) 
= 0.00135m (1.4 mm) 


The answer is (B). 


MECHANICS OF MATERIALS-29 


A rigid weightless bar is suspended horizontally by cables 1 and 2 as shown. 
The cross-sectional areas of the cables are given in the figure. The modulus of 
elasticity, Æ, is the same for both cables. If a concentrated load of F = 1500 kN 
is applied between points A and B, what is most nearly the distance, x, for the 
bar to remain horizontal? 


cable 2 
zg 


cable 1 


we 


A; = 1300 mm? 


Az = 650 mm? Ag 1000 mm 
600 mm = 1500 kN 
A © B 
3000mm 
(A) 1300 mm (B) 1600 mm (C) 1900 mm (D) 2300 mm 
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From the free-body diagram, taking moments about point B gives 


>> Mp = 0 = (1500 kN)a — (3000 mm) Fi 
(1500 kN)x = (3000 mm) F, 


r= (2 =~) F, i 


From a vertical force balance, 


F, + Fy = 1500 kN mr] 


For the bar to remain horizontal, the deflection of cable 1 must equal 
the deflection of cable 2. 


ô1 = ô2 
FiL, _ Fala 
BA, EAz 
R= LA; P = (1000 mm)(1300 mm?) , 
Ly, Ag (600 mm)(650 mm?) 
= 3.33f [IT] 


Solving equations IT and III simultaneously, 


3.33F5 + Fə = 1500 kN 
4.33F5 = 1500 kN 
Fy = 346.4 kN 

Fy, = 1153.6 kN 
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mM)\ 1-5. 
= (2 =) (1153.6 kN) 


= 2307 mm (2300 mm) 


MECHANICS OF MATERIALS-30 

A prismatic bar at 10°C is constrained in a rigid concrete wall at both ends. 
The bar is 1000 mm long and has a cross-sectional area of 2600 mm?. What is 
most nearly the axial force in the bar if the temperature is raised to 40°C? 


1000 mm 


E= modulus of elasticity 
= 200 GPa 

a = coefficient of thermal expansion 
= 9.4 x 10-6/C 


(A) 116 kN (B) 125 kN (C) 134 kN (D) 147 kN 


Elongation due to temperature change is given by 
6= al(Te = Tı) 
-6 1 o o 
= (94 x 107° 5) (1000 mm)(40°C — 10°C) 
= 0.282 mm 


Elongation is 


FL 
s= FA 
(0.000 282 m) (200 x 106 =) (0.0026 m?) 
_ EA _ a m? 
OL o lm 


= 146.6 kN (147 kN) 
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MECHANICS OF MATERIALS-31 

What is most nearly the maximum axial load, F, that can be applied to the wood 
post shown without exceeding a maximum shear stress of 1650 kPa parallel to 
the grain? 


(A) 22 kN (B) 33 kN (C) 44 kN (D) 57 kN 
The length of the diagonal parallel to the grain, d, (part of a 3-4-5 


triangle) is 
d = (5) : (3) 
(4) 


d= (3) (100 mm) = 125mm _ (0.125 m) 
The area of the inclined plane is 
A = (0.125 m)(0.100 m) = 0.0125 m’ 
The total shear on the plane is 


V=rTA= (1080 =) (0.0125 m?) = 20.63 kN 
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The horizontal component of the shear is 


V= (3) (20.63 kN) = 16.5 kN 


Draw the free-body diagram of the upper section. Include the normal 


compressive force. P 


“ 


Y F =0=V,—N, =0 
Ns = $N = V; 


2N = 16.5 kN 


Nx 


Balancing the x-components, 


N= (3) (16.5 kN) = 27.5 kN 


Balancing the y-components, 
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MECHANICS OF MATERIALS-32 
The shear strain, e, along a shaft is 


E = Yip 
r is the radius from the shaft’s centerline, and dé/dz is the change of the angle 
of twist with respect to the axis of the shaft. Which condition is NOT necessary 
for the above equation to be valid? 


dọ 


(A) The area of interest must be free of connections and other load applications. 

(B) The material must be isotropic and homogeneous. 

(C) The loading must result in the stress being a torsional couple acting along 
the axis. 

(D) r must be the full radius of the shaft. 


The equation may be evaluated for any value of r, giving the stress 
distribution over the shaft cross section. 


The answer is (D). 


MECHANICS OF MATERIALS-—33 


A 3 m diameter bar experiences a torque of 280 N-m. What is most nearly the 
maximum shear stress in the bar? 


(A) 2.2 Pa (B) 31 Pa (C) 42 Pa (D) 53 Pa 
Maximum shear stress occurs at the outer surface. 
The equation for shear gives 


a) 


7 eee 


=52.8 N/m? (53 Pa) 


The answer is (D). 
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MECHANICS OF MATERIALS-—34 


What is most nearly the angle of twist, ¢, for the aluminum bar shown? The 
shear modulus of elasticity, G, is 26 GPa. 


d=0.6m 


(A) 0.000 55° (B) 0.0055° (C) 0.032° (D) 0.082° 


The angle of twist is given by 
TL (11 kKN-m)(17 m) 


o= == 
GJ KN\ / 7 
6 =. sees 4 
(26 x 10 =") (=) (0.6 m) 
180° 
= (0.000565 rad) (=) 


= 0.032° 


The answer is (C). 
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MECHANICS OF MATERIALS-35 


What torque, T, should be applied to the end of the steel shaft shown in order 
to produce a twist of 1.5°? Use G = 80 GPa for the shear modulus. 


outside inside 
diameter diameter 
= 50mm = 30mm 
(A) 420 N-m (B) 560 N-m (C) 830 N-m (D) 1100 N-m 
Converting the twist angle to radians and calculating the polar moment of 
inertia J, 
27r rad 
4 n È e | = l), 
= (1.5 )( 360° ) 0.026 rad 
rı = 0.015 m 
Tg = 0.025 m 
T T 
= 5 (r4 — rf) = (3) ((0.025 m)* — (0.015 my‘) 
= 5.34 x 1077 m4 
GJ 
a 
a N -7 må 
80 x 10 mn? (5.34 x 107" m*) 


= | 4. | (0.026 rad) 
=1110N-m (1100 N-m) 


The answer is (D). 
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MECHANICS OF MATERIALS-—36 


Determine the maximum torque that can be applied to the shaft, given that the 
maximum angle of twist is 0.0225 rad. Neglect bending. 


section 1 


section 2 


(A) 0.000 6257S (B) 0.050072 
"e rG rG 
(C) 0.250-57 (D) 0.525- 
The angle of twist is 
j- IL 
~ GJ 


J for a circular bar of diameter d is 1/amr* = 1/s27d*. The total angle 
of twist, Ptotal, is equal to the sum of the angles of twist for the two 
different sections. The torque is the same for both sections. 


Protal = 1 + ba 


_ Tet) TL 
~~ GA; Gh 


_ (BTL) (2,1 
A aG d? d 


= (Sar) (wae t wap) 


_ 36TL 
— aG 
T= TGdtota _ TG(0.0225 rad) 
= 36L 36L 
rG 
= 0.000 625 — 
0.000 625 T 
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MECHANICS OF MATERIALS-37 


For the given shaft, what is most nearly the largest torque that can be applied 
if the shear stress is not to exceed 110 MPa? 


(A) 1700Nm  (B)1900Nm (C) 2400Nm (D) 3400N-m 


Since the shear stress is largest at the outer diameter, the maximum 
torque is found using this radius. 


For an annular region, 
T T 
J= Z (r4 rf) = (3) ((0.025 m)“ — (0.015 m)*) 
= 5.34 x 1077 mt 


(5.34 x 1077 m)‘ (110 x 108 =) 


0.025 m 
= 2350 N-m (2400 N-m) 


The answer is (C). 


Tor = 
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MECHANICS OF MATERIALS-38 


A hollow circular bar has an inner radius r; and an outer radius rz. If ry = r2/2, 
most nearly what percentage of torque can the shaft carry in comparison with a 
solid shaft? 


(A) 25% (B) 55% (C) 75% (D) 95% 


The equation for torsional stress is 


For the hollow shaft, 


For the solid shaft, 
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Therefore, 


16 
=0.94 (95%) 


The answer is (D). 


MECHANICS OF MATERIALS—39 


What is the minimum solid shaft diameter that can be used for the rotor of a 


4.5 kW motor operating at 3500 rpm, if the maximum shear stress for the shaft 
is 60 MPa? 


(A) 1.2 mm (B) 2.1 mm (C) 10 mm (D) 20 mm 


The relationship between the power, P, transmitted by a shaft and 
the torque, T, is 
ant 
30 
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n is in rpm, T is in N-m, and P is in W. Rearranging to solve for T, 


TS az — GOUW) _ 19.08 Wem 
m™m (3500 =) 


z _Tr_Td 
j Td _ nd 
2Tmax 32 


Therefore, 


1/3 


1/3 g 
a= (22). | sense ta) 


T (0 x 106 =) 


= 0.0101 m (10 mm) 


The answer is (C). 


MECHANICS OF MATERIALS-40 


A beam supports a distributed load, w, as shown. Find the shear force at z = 2m 
from the left end. 


w=5kN/m 


L=10m 
(A) 11 kN (B) 12 kN (C) 13 kN (D) 15 kN 


The reactions at A and B are found by observation from symmetry 
to be Ra = Rg = 25 kN. 
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50 kN 


Ra Rg 
Ra = Rg = 25kN 


Sectioning the beam at x = 2 m, the free-body diagram with shear 
force is 


10 KN V 


25 kN 


oF, =0 


25 kN — 10 kN- V = 0 kN 
V = 25 kN — 10 kN = 15 kN 
The answer is (D). 


MECHANICS OF MATERIALS-41 


For the beam shown, find the bending moment, M, at zs =3 m. 


(A) 4.5 kKN-m (D) 9.0 kN-m 
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By inspection from symmetry, Ra = Rpg = 6 KN. Sectioning the beam 


at z = 3 m gives 


P= (2 Fr) BR) =64N 


Ra = 6kN 


>> Mes = 0 


(6 kN)(3 m) + (6 KN)(1.5 m) + M=0 
M =18kN-m—9kN-m 


= 9kN-m 


The answer is (D). 


MECHANICS OF MATERIALS-—42 
Find the expression for the bending moment as a function of distance from the 


left end, x, for the following beam. 


F=6kN 


(B) M = -z? +1 
(C) M=—2? +27 


(A) M = =x? + 22 
(D) M = zr? — 2r? 
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The answer is (C). 


MECHANICS OF MATERIALS 


X M = —22 + (22) (jz) +M =0 
M = —2? + 2x 


MECHANICS OF MATERIALS—43 


Which of the following is the shear force diagram for this beam? 


(B) 


6 KN 


4kN 


Oey. 
-2 kN 
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(C) 


(D) 1kN 


w 


6 
1m 


kN 
2m 


By observation, the reactions at points A and B are Ra = 4 kN and 
Rp = 2 KN. Draw free-body diagrams of the left and right sections of 
the beam. 


V=+4kN V=-2kN 
A P P B 


Ra = 4kN Rg = 2 kN 


Thus, V = +4 kN between points A and P, and V = —2 kN between 
points P and B. 


The answer is (A). 
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MECHANICS OF MATERIALS—44 
Which of the following is the bending moment diagram for this beam? 


3 kN 


Ra Rp 


From the free-body diagram, Ra = Rp = 1.5 kN. The shear force 
diagram is therefore, 


2 m 2m 
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The bending moment increases linearly to (1.5 kN)(2 m) = 3 kN-m, 
then decreases linearly back to 0 kN-m. 


3 kN-m 


The answer is (A). 


MECHANICS OF MATERIALS-—45 


The cantilever beam shown is loaded by three concentrated forces. What is the 
maximum shear force in the beam? 


3 kN 5 kN 
8 kN 
2m 2m 2m 2m 
(A) 1kN (B) 2kN (C) 3 kN (D) 5 kN 

Examining the shear force along the beam from left to right, for 0 m 
<x<2m, 

V=0kN 
For 2m<2< 4m, 

V =-3 kN 
For4m<2<6m, 

V=5kN 
For6m<2< 8m, 

Y=0kN 
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5 kN 


-3 kN ee 


The maximum shear force is, therefore, 5 kN. 


The answer is (D). 


MECHANICS OF MATERIALS—46 


Which of the following bending moment diagrams corresponds to the simply 
supported beam shown? The beam is subjected to a distributed load, w, between 
points B and C. 


(A) 


(B) 
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(C) 


For sections AB and CD, the beam may be modeled as 


E C) 


Ra 


M(x) is linear with respect to z. For section BC, the beam is mod- 


eled as 
w 
Q pe fm) 
Vp Vo 


M(z) is parabolic, reaching a maximum near or at the center. 


The answer is (C). 
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MECHANICS OF MATERIALS-47 
What is most nearly the maximum allowable load, F, on the cantilever? The 
maximum compressive stress is 7000 kPa, and the maximum tensile stress is 5500 


kPa. The moment of inertia about the centroidal axis, Ina, is 20.6 x 10° mm‘. 


101.6 mm 


fe 


50.8 mm 


50.8 mm 
Ina = 20.6 x 10° mm? 


cross section 


(A) 540 N (B) 600 N (C) 610 N (D) 640 N 


The maximum bending moment occurs at A, where M = 3F. 


Me 3Fe 
al aa 
, Omaxl 
pa 3c 
I = (20.6 x 10° mm!) E>) 
1000 mm 
= 20.6 x 107 m4 
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For compression, Caliowable = 7000 kPa. 
c= 101.6 mm + 50.8 mm — 63.5 mm = 88.9 mm 


(z000 =) (20.6 x 1076 m*) 
F allowable i -Y3 m)(0.0889 m) 


compression 


= 0.541 kN (541 N) 
For tension, allowable = 5500 kPa, and c = 63.5 mm. 


(5500 =) (20.6 x 107° m4) 
allowable = "(3 m)(0.0635 m) 


tension 


F 


= 0.595 kN (600 N) 


The maximum allowable load is 540 N. 


The answer is (A). 


MECHANICS OF MATERIALS-—48 


A simply supported beam with the cross section shown supports a concentrated 
load, F = 10 kN, at its center, C. What is most nearly the maximum bending 
stress in the beam? 
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200 mm 


cross section 
(A) 2300 kPa (B) 3200 kPa (C) 3800 kPa (D) 4600 kPa 


The reactions at A and B are Ra = Rg = 5 KN by inspection from 
symmetry. Since the maximum bending moment occurs at C, 


Minax = (5 KN)(2 m) = 10 kN-m 


The moment of inertia about the neutral axis, NA, is the difference be- 
tween the moments of inertia of an area measuring 20 mm x 500 mm 
and two areas measuring 85 mm x 450 mm. 


3 
I= se = (=) (200 mm)(500 mm)? — @( 7) mm)(450 mm)? 


= 792 x 10° mm‘ 


Since c = (5) (500 mm) = 250 mm, 


_ Mc _ (10 kN-m)(0.25 m) 


Imax = -F = "799 x 10-8 ma 
= 3157 kN/m? (3160 kPa) 


The answer is (B). 
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MECHANICS OF MATERIALS—49 


For the cantilever beam shown, what is the maximum tensile bending stress? 


Z 


=— w = 10 kN/m 


Im, 


6m 


100 mm 


25 mm 


cross section 


(A) 230 MPa (B) 320 MPa (C) 480 MPa (D) 550 MPa 
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The maximum moment occurs at point A and is a result of the 
distributed load w. w is equivalent to a concentrated load, W = 
(1/2)(6 m)(10 kN/m) = 30 kN, acting at a point (1/3)(6 m) = 2 m 
from point A. The equivalent loading diagram for the cantilever is as 
follows. 


Ma = (30 kN)(2 m) = 60 kN-m 


The upper part of the beam will be under tension, with c equal to 
the distance between the neutral axis, NA, and the top edge of the 
beam. 


(25 mm)(100 mm)(12.5 mm) 


S Ag + (25 mm)(75 mm)(62.5 mm) 
YA 2500 mm? + 1875 mm? 


= 33.9 mm (0.0339 cm) 
Use the parallel axis theorem to find T. 


bh? 4 3 


+ (100 mm)(25 mm) (34 mm — 12.5 mm)? 
+ (5) (25 mm)(75 mm)? + (75 mm)(25 mm)(62.5 mm — 34 mm)? 
= 3.7 x 10° mm’ 
Me (60 kN-m)(0.0339 m) _ 


c= A ae oR 
3.7 x 108 mm4) { ——— 
(3.7 x 106 mmt) (a ==) 


=5.5x10°kPa (550 MPa) 


The answer is (D). 
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MECHANICS OF MATERIALS-—50 
A composite beam made of steel and wood is subjected to a uniform distributed 
load, w. Determine the maximum compressive stress in the steel. 


50 mm 


cross section 
(A) 620 MPa (B) 850 MPa (C) 1100 MPa (D) 1200 MPa 
The maximum moment is at the center of the beam, where x = 2 m. 


Ra = Rp = 50 KN [by inspection] 


= 50 kN-m 
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Since Ewood / Estee = 4 MPa/200 MPa = 1/50, the wood is equivalent 
to a steel web 1 mm thick. 


a 10 mm 


100 mm 


cross section 


r= m 7 (5) (50 mm)(100 mm)? — (2) (5) (24.5 mm)(80 mm)? 


2 
= 2.076 x 10° mm* 


(50 KN-m)(0.05 m) (1000 5 


1000 mm 
= 1200 x 10° N/m? (1200 MPa) 


The answer is (D). 


(2.076 x 106 mm4) (ara 


MECHANICS OF MATERIALS-51 


For a rectangular beam under transverse (bending) loading, where is the location 
of maximum shear stress? 

(A) at the top edge 

(B) at the bottom edge 

(C) at the neutral axis 

(D) at a location between the top edge and the neutral axis 
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The shear distribution is 


NA— 


cross section : 
Tmax 
shear distribution 


The maximum shear stress is at the neutral axis. 


The answer is (C). 


MECHANICS OF MATERIALS-52 


An I-beam is loaded as shown. What is most nearly the maximum shear stress, 
T, in the web at point C along the beam? 


20 mm 
———-| 100mm 
20mm 
100 mm 
cross section 
(A) 160 kPa (B) 370 kPa (C) 400 kPa (D) 750 kPa 


The reaction at point A is found by taking the moment about point B. 
ome =0 
= —Ra,(3 m) + (2 KN)(2 m) + (1 KN)(1 m) 
Ra = 1.67 kN 
Vo = Ra = 1.67 kN 
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MECHANICS OF MATERIALS 10-49 
The shear stress is given by T = VQ/It, where Q is the first moment 
of either the upper half or the lower half of the cross-sectional area 


with respect to the neutral axis. 


Q = A’y = (50 mm)(20 mm)(25 mm) + (100 mm)(20 mm)(60 mm) 
= 145000 mm? 


1 : 3 1 3 
= E nm mm)? — = ) (4 1 

I T (5) (100 mm)(140 mm)? — (2) (5) (40 mm)(100 mm) 
= 16.2 x 10° mm 

Tmax occurs at the neutral axis. Thus, 


vQ (1670 N)(145000 mm) 
Tt (16.2 x 10° mm*)(20 mm) 


= 0.747 N/mm? (750 kPa) 


The answer is (D). 


Tmax = 


MECHANICS OF MATERIALS-53 


An J-beam is made of three planks, each 20 mm x 100 mm in cross section, 
nailed together with a single row of nails on top and bottom as shown. If the 
longitudinal spacing between the nails is 25 mm, and the vertical shear force 


acting on the cross section is 600 N, what is most nearly the load in shear per 
nail, F? 


100 mm 
— 20mm 
20mm 
100 mm 
~_ 20mm 
(A) 56 N (B) 76 N (C) 110 N (D) 160 N 
The shear force per unit distance along the beam’s axis is given by 
VQ 
En 
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For an J-beam, Q is the first moment of the upper flange area with 
respect to the z-axis. 


Q = Aj = (60 mm)(100 mm)(20 mm) = 120000 mm? 


OW aN, anya [2 i 
J= 37 (=) (100 mm)(140 mm)’ — (2) (5) (40 mm)(100 mm) 
= 16.2 x 10° mm 
, _ (600 N)(120000 mm? 
fe CO Dume mn aaa 


16.2 x 106 mm4 


The load capacity of the nails per unit length is F'/L. Therefore, 


Il 


F = Lf = (25 mm) (4 =a) 111N (110 N) 
mm 


The answer is (C). 


MECHANICS OF MATERIALS-—54 


Considering the orientation of shear force Tys in the illustration, find the direction 
of the shear stress on the other three sides of the stress element. 
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For static equilibrium, the shear stresses on opposite faces of an ele- 
ment must be equal in magnitude and opposite in direction. Also, 
the shear stresses on adjoining faces must not produce rotation of the 
element. 


MECHANICS OF MATERIALS-—55 


If the principal stresses on a body are g} = 400 kPa, a2 = —700 kPa, and 03 = 
600 kPa, what is the maximum shear stress? 


(A) 150 kPa (B) 250 kPa (C) 550 kPa (D) 650 kPa 
The maximum shear stress is equal to one-half of the difference be- 


tween the principal stresses. Comparing the three combinations, the 
maximum shear stress is given by the difference between oz and o3. 


02 = 03 


The answer is (D). 
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MECHANICS OF MATERIALS-56 


For the element of plane stress shown, find the principal stresses. 


10 MPa 


(A) Gmax = 35 MPa, Omin = —25 MPa 
(B) Cmax = 45 MPa, Omin = 55 MPa 
(C) Gmax = 70 MPa, Gmin = —30 MPa 
(D) Gmax = 85 MPa, omin = 15 MPa 


The stresses on the element are 


a, = 50 MPa Gy = =10 MPa — Tey = 40 MPa 


2 
Oz HO Ogy — 0 
Omax,min = E Y4 (==) +72; 


-1 10 MPa\? 
_ 50 ae QMPa | AS) + (40 MPa)? 


= 20 MPa + 50 MPa 
= 70 MPa or —30 MPa 


The answer is (C). 
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MECHANICS OF MATERIALS-57 


What are the principal (maximum and minimum) stresses of the stress element 


shown? 
AN 3 kPa L 
A Nee 
3 kPa 
PA K 
-+ 
(A) Cmax = 1.16 kPa, Omin = —6.16 kPa 
(B) dmax = 2.00 kPa, Omin = —4.00 kPa 
(C) dmax = 3.24 kPa, Omin = —5.24 kPa 
(D) Gmax = 5.24 kPa, Gmin = —3.24 kPa 


The stresses on the element are 


Oxz = —2 kPa Gy = +4 kPa Try = —3 kPa 


2 
Oz +O 0, — 6. 
Omax, min = = 3 Y4 (==) +T 


—2 kPa + 4 kPa 4 (= kPa — 4 kPa 


2 
5 5 ) + (—3 kPa)? 


= 5.24 kPa or —3.24 kPa 


The answer is (D). 
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MECHANICS OF MATERIALS-58 


What is most nearly the maximum principal stress of the element shown? 


x 
40 MPa 40 MPa 
ne I 
(A) 30 MPa (B) 34 MPa (C) 40 MPa (D) 44 MPa 


The stresses on the element are 


z =40 MPa o,=20MPa Tey = —10 MPa 


2 
Oz +a On = 
Tm (5) +73, 


_ 40 MPa + 20 MPa 4 (2 MPa — 20 MPa 
E r 


2 
) + (=10 MPa)? 


=44.1 MPa (44 MPa) 
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MECHANICS OF MATERIALS-—59 


For the following stress element, what is most nearly the maximum shear stress? 


(A) 10 MPa (B) 11 MPa (C) 14 MPa (D) 27 MPa 


The maximum shear stress is 


2 
Oz = Oy 
Tmax = (=%) a Tey 


7 (= MPa — 30 MPa 


2 
5 ) + (10 MPa)? 


= 26.9 MPa 


The answer is (D). 
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MECHANICS OF MATERIALS-60 


For the state of plane stress shown, what are the inclination angles of the prin- 
cipal planes? 


(A) 32.5° and 122° 
(B) 25.5° and 115° 
(C) —26.5° and —117° 
(D) —11.5° and —102° 


The stresses on the element are 


Or = 40 MPa oy = —5 MPa Tzy = —30 MPa 


noe, 40 MPa— (Ce MPs) 
= —1.33 


20, = —53.0° or —233° 
6, = —26.5° or —117° 


The answer is (C). 
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MECHANICS OF MATERIALS-61 


A steel (Oyie = 200 MPa) pressure tank is designed to hold pressures up to 
7 MPa. The tank is cylindrical with a diameter of 1 m. If the longitudinal stress 


thickness, t? 
(A) 22 mm (B) 44mm (C) 88 mm (D) 120 mm 


For a thin-walled cylinder of diameter d containing a pressure p, 


d ; 
Slong = = = (1 = 0.2)oyiela 


4 
N 
6 7 F 
_ pa (110 a) 0m) 


= OBoyea 0) N 
OBoyield —(9.g) (200 x 108 =) 


=0.044m (44 mm) 


The answer is (B). 


MECHANICS OF MATERIALS-62 


In designing a cylindrical pressure tank 1 m in diameter, a factor of safety of 2.5 is 
used. The cylinder is made of steel (cyicia = 200 MPa), and will contain pressures 
up to 7 MPa. What is the required wall thickness, t, based on circumferential 
stress considerations? 


(A) 22 mm (B) 44 mm (C) 88 mm (D) 120 mm 


For a thin-walled cylinder of diameter d containing a pressure p, 


Ocircumferential = pa = “yield 
iia 2t 2.5 
(1.25) (7 10° ©) (1m) 
_125pd _ me 
Oyield 200 x 106 = 
m 


=0.044m (44mm) 


The answer is (B). 
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MECHANICS OF MATERIALS-63 


What is most nearly the maximum principal strain at a point where es = 1500 
pm, €y = —750 um, and Ezy = 1000 ym? 


(A) 1160 um (B) 1490 um (C) 1610 pm (D) 1830 um 


The equation for principal strain gives 


1500 pm — 750 pm 1500 um + 750 pm\? 1000 pm\? 
s yf (EE) (SE 


= 375 wm + 1231 pm 
€max = 1606 um (1610 um) 


The answer is (C). 


MECHANICS OF MATERIALS-64 


A beam of length L carries a concentrated load, F, at point C. Determine the 
deflection at point C in terms of F, L, E, and I, where E is the modulus of 
elasticity, and I is the moment of inertia. 


2 1 
a=gl F b=3ŁL 


 2F 4FL’ ~ FLA FL 
(A) 943EI (B) 243EI (C) 27BI (D) 9ET 


The equation for bending moment in the beam is 


2 
oe 


E 
dx? 
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Computing M for the different beam sections, 


dô Fbz 
EIT 7 (0<2<a) 
ds For |. E 
2o a = <2<b 
EIT 7 + F(x —a) (a<z L) 


Integrating each equation twice gives 


gr = -Eee +Ciız + C3 (0<2z<a) 
Phd a 
ppa- 422! 46040 baazi 


6L 6 
The constants are determined by the following conditions: (1) at 
z = a, the slopes dé/dz and deflections 6 are equal; (2) at z = 0 and 
x = L, the deflection 6 = 0. These conditions give 


Fb(L? — 8?) 


Cı = Ca = — SE 


C3 = C4 =0 


Evaluating the equation for (0 < £ < a) at z = a = 2/sL and b = 1/3L, 


EIé = (PURE) (aa 


_ 4FL’ 
~ 243ET 


The answer is (B). 


MECHANICS OF MATERIALS-65 


What is the deflection at point B for the beam shown? 


F= 100 kN 


I = 1000 x 10° mm4 
E = 200 GPa 


(A) 17 mm (B) 25 mm (C) 36 mm (D) 48 mm 
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Using the moment-area method, the M/EI diagram is 


The first moment with respect to point A is 


FL? FL? 
Q= ACL) =- (557) Gn) = 


The deflection is 
FL _ (100 kN)(6 m)? 
3EI kN lm 
6 6 4 
(3) (200 x 10 =") (1000 x 106 mm4) Cre 3 
=0.036m (36 mm) 


y=-Q= 


The answer is (C). 


MECHANICS OF MATERIALS—66 


ends and with the given properties and cross section? 


Iata = 3.70 x 10° mmt 


E = 200 GPa 
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10-61 


(A) 15 kN (B) 24 kN 


(C) 43 kN 
x'x' and y'y' are centroidal axes. 


(D) 73 kN 
Ix = 3.70 x 10° mmt 


Iyy is computed by applying the equation for I (bh?/12) about the 


centroidal axis of a rectangle. For this cross section, bi = 25 mm, 
hi = 100 mm, bz = 75 mm, and he = 25 mm. 


Iyy = (5) (25 mm)(100 mm)? + (5) (75 mm)(25 mm)*) 
g lm š 
1000 mm 
= 2.18 x 107° mt 
The Euler buckling load, Per, is 
wEI 


T2 
I is the minimum I value. I, is less that Ixz1. 


cr = 


T? (200 x 108 =) (2.18 x 107° m4) 
m 
Po = — 


(10 m)? 


The answer is (C). 
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DYNAMICS-1 


How many degrees of freedom does a coin rolling on the ground have? 
(A) one (B) two (C) three (D) five 


A coin has two translational degrees of freedom and one rotational 
degree of freedom. 


The answer is (C). 


DYNAMICS-2 
What is the definition of instantaneous velocity? 
(A) v = dz dt (B) v= fa dt 
dz . At 
lee RN Te 


By definition, 


ve tim aS 
~ Ato At dt 
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DYNAMICS-3 


A car travels 100 km to city A in 2 h, then travels 200 km to city B in 3 h. What 
is the average speed of the car for the trip? 


Average velocity is defined as total distance traveled over total time. 
a ee 
Vave = Ay = Shah 
= 60 km/h 


DYNAMICS-4 


The position of a particle moving along the x-axis is given by z(t) = t? — t + 8, 
where z is in units of meters, and t is in seconds. Find the velocity of the particle 
when t = 5s. 


(A) 9.0 m/s (B) 10 m/s (C) 11 m/s (D) 12 m/s 


The velocity equation is the first derivative of the position equation 
with respect to time. Therefore, 


== d 2 
= z -t+8) 


= 2t-—1 
v(5) = (2)(5) -1 = 9.0 m/s 


The answer is (A). 
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DYNAMICS-—5 


If a particle’s position is given by the expression x(t) = 3.4¢3 — 5.4t m, what is 
most nearly the acceleration of the particle at t = 5 s? 


(A) 1.0 m/s? (B) 3.4 m/s? (C) 18 m/s? (D) 100 m/s? 


The acceleration is found from the second derivative of the position 
equation. Therefore, 


dx 


d? 
= ge — 5.4t) 


d 
= go — 5.4) 


= 20.4t 
a(5) = (20.4)(5) = 102 m/s? (100 m/s”) 


The answer is (D). 


DYNAMICS-6 


A car starts from rest and moves with a constant acceleration of 6 m/s?. What 
is the speed of the car after 4 s? 


(A) 18 m/s (B) 24 m/s (C) 35 m/s (D) 55 m/s 


For uniformly accelerated motion, 


v= vo tat =0+ (6 =z) (48) 
= 24 m/s 
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DYNAMICS-7 


A car starts from rest and has a constant acceleration of 3 m/s?. What is the 
average velocity during the first 10 s of motion? 


(A) 12 m/s (B) 13 m/s (C) 14 m/s (D) 15 m/s 


The distance traveled by the car is 


£= To + vot + fat? =0 +0 + (5) (3 =) (10 s)? 


= 150 m 


DYNAMICS-8 


A truck increases its speed uniformly from 13 km/h to 50 km/h in 25 s. What 
is most nearly the acceleration of the truck? 


(A) 0.22 m/s? (B) 0.41 m/s? (C) 0.62 m/s? (D) 0.92 m/s? 


For uniformly accelerated rectilinear motion, 


V=vo + at 
at = v — Vo 
km km m 
an Yn A T 1000 a 
== r Ss m 5 
t 25s 3600 = 
h 


=0.411 m/s? (0.41 m/s?) 
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DYNAMICS-9 


A bicycle moves with a constant deceleration of —2 m/ s?. If the initial velocity 
of the bike is 4.0 m/s, how far does it travel in 3 s? 


(A) 2.0 m (B) 2.5 m (C) 3.0m (D) 4.0m 
For constant acceleration, 
t = To + Vot + jat? 
” ) BN (3 1\ (2 2 2 
=0+ (4.0 =) (3 s) + (5) (-2 =) (3 8) 


=3.0m 


The answer is (C). 


DYNAMICS-—10 


A ball is dropped from a height of 60 m above ground. How long does it take to 
hit the ground? 


(A) 1.38 (B) 2.18 (C) 3.58 (D) 5.5 s 


The positive y direction is downward, and y = 0 at 60 m above 
ground. For uniformly accelerated motion, 


Y = yo + Vot + gat? 


60=0+0+ G) (9.81 =) 2 


t=3.5s 


(C). 
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DYNAMICS-11 


A man driving a car at 65 km/h suddenly sees an object in the road 20 m 
ahead. Assuming an instantaneous reaction on the driver’s part, what constant 
deceleration is required to stop the car in this distance? 


(A) 7.1 m/s? (B) 7.5 m/s? (C) 8.0 m/s? (D) 8.1 m/s? 
For uniform deceleration, the velocity equation that is not a function 
of time is 


v? = v + 2a(x — x9) 


Using v = 0, vo = 65 km/h = 18 m/s, and (z — zo) = 20 m, 


0= (18 ay + 2a(20 m) 


(2) 


= (20 m) = 8.1 m/s? 


The answer is (D). 


DYNAMICS-12 


A ball is thrown vertically upward with an initial speed of 24 m/s. Most nearly 
how long will it take for the ball to return to the thrower? 


(A) 2.3s (B) 2.68 (C) 4.18 (D) 4.98 


At the apex of its flight, the ball has zero velocity and is at the 
midpoint of its flight time. If the total flight time is tiotal, then the 
time elapsed at this point is 1/2ttotal- 


v = Vo + at 
Rearranging to solve for ttotal, 


0 = 24 = + (-9.81 5) Zttotal 


24 = 
total = (2) 8, | =4893s (4.98) 
9.81 
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DYNAMICS-13 


A projectile is launched upward from level ground at an angle of 60° from the 
horizontal. It has an initial velocity of 45 m/s. How long will it take before the 
projectile hits the ground? 


(A) 4.15 (B) 5.8 s (C) 7.98 (D) 9.58 


The projectile will experience acceleration only in the y direction due 
to gravity. The y component of velocity is 


Voy = 45s8in 60° = 39 m/s 


For uniform rectilinear motion with constant acceleration, 


Y = yo + Voyt + dat? 


=0+ (39 =) t+ (5) (-9.81 5) ? 


= (39 =) t- (4.91 =) ? 


When the body is on the ground, y = 0. 


0 = (39 =) t~ (4.91 =) f= t (39 = - 4.91 =) 
3.9 a 
z-ai, (7.9 8) 
t mE: 94s (7.98 


The answer is (C). 
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DYNAMICS-14 
A man standing at a 5 m tall window watches a falling ball pass by the window 
in 0.3 s. From approximately how high above the top of the window was the ball 


released from a stationary position? 


(A) 8.2m (B) 9.6 m (C) 12m (D) 21m 
ball 
+y Yı 
Wit5=y 


window ~ | 


The positive y direction is taken as downward, and the initial release 
point is yo. Then, 
Y = yo + Vot + gat? =0+0+4 fat? 
y= sat? 
yo = gat3 
However, y2 = yı + 5 m, and tz = tı + 0.3 s. Therefore, 
yı +5 m = ga(t; + 0.3 8)? 


gat? +5 m = ġa(t? + (2)(0.3 s)tı + (0.09 s?)) 
= fat? + (0.3 s)atı + (0.045 s*)a 


Rearrange and solve for t1. 


(0.3 s)at; = 5 m — (0.045 s*)a 
5 m — (0.045 s?)a 
(0.3 s)a 


5 m — (0.045 s?) (9.81 =) 
(038) (981 5) 
= 1.55 s 


ti 
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Solving for y1, 


i 1 m oid Sia 
yı = hat? = (5) (9.81 =) (1.55 s)? 
=118m (12m) 


DYNAMICS-—15 


A block with a spring attached to one end slides along a rough surface with an 
initial velocity of 7 m/s. After it slides 4 m, it impacts a wall for 0.1 s, and 
then slides 10 m in the opposite direction before coming to a stop. If the block’s 
deceleration is assumed constant and the contraction of the spring is negligible, 
what is the average acceleration of the block during impact with the wall? 


(A) —120 m/s? (B) —100 m/s? (C) —99 m/s? (D) —49 m/s? 


1.2 acceleration before impact m/s” 
azy acceleration during impact m/s” 
a3 acceleration after impact m/s? 


81.92 distance traveled before impact m 


89-3 distance traveled after impact m 


vı initial velocity m/s 
V2 velocity just before impact m/s 
ve’ velocity after impact m/s 
v3 final velocity m/s 
vı =7 m/s 
V3 = 0 
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Because Az is small and energy is conserved, v2 = v$. 


2 . 
vÍ — 201-281-2 


v2 = 
FO m 
=4/(7 =) — 2(a1.2)(4 m) 
[—_2 
m 
= 49 eo 8a1-2 
5 
Alternatively, 
m? 4 
49 —= Vo 
a= 
v3 = 4/ v3, — 2a2-382-3 
0= yy? = 2a9.3(10 m) 
Alternatively, 
v3, 
a2-3 = 20 
But ay.2 = 09.3, and Vz = Vy. 
2 
m 2 
Oe vb 
8m 20 m 


m2 
980 — 20v2 = 8v_? 


v2 = 5.9 m/s 


Then, because of the direction change, 


At 0.10 s 
= —118 m/s? (—120 m/s?) 


The answer is (A). 
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DYNAMICS-16 


A car starting from rest moves with a constant acceleration of 15 km/h? for 1 h, 
then decelerates at a constant —7.5 km/h? until it comes to a stop. Most nearly 
how far has it traveled? 


(A) 15 km (B) 23 km (C) 25 km (D) 35 km 
For constant acceleration, 
x = 29 + vot + dat? 


During acceleration, xo = 0, vo = 0, a = 15 km/h?, and t = 1 h. Then, 
the distance over which the car accelerates is 


1 km 5 
Zace = (5) (1s he ) (1 h)? = 7.5 km 
At the end of the hour, the car’s velocity is 


v = vo + at = (1s =) (1h) 
= 15 km/h 


During deceleration, £o = 0, vo = 15 km/h, and a = —7.5 km/h”. The car 
has velocity v = 0 when it stops. Therefore, 


v = vo + at 
km km 
t=2h 


£= zo + vot + gat? 


The distance over which the car decelerates is 


o km\ o fl km 
Tdec = (1s =) (2 h) + (5) (-75 =) (2 h)? = 15 km 
Tiotal = Lace + Tdec = 7.5 km + 15 km = 22.5 km (23 km) 


The answer is (B). 
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NAMICS-17 
A train with a top speed of 75 km/h cannot accelerate or decelerate faster than 
1.2 m/s?. What is the minimum distance between two train stops in order for 
the train to be able to reach its top speed? 
(A) 300 m (B) 350 m (C) 360 m (D) 365 m 
To travel the minimum distance, the train must accelerate from 
vo = 0 km/h to v = 75 km/h at a constant 1.2 m/s? and then 
decelerate at a constant 1.2 m/s? to v = 0 km/h. The train travels 
the same distance during acceleration as during deceleration, since 
the initial and final speeds are identical, as well as the magnitude of 
acceleration or deceleration. The following two equations apply for 
constant acceleration. 

z = To + vot = łat? 

v = vo + at 


During acceleration, zo = 0 m, vo = 0 km/h, v = 75 km/h = 
20.8 m/s, and a = 1.2 m/s?. Then, 


$= = Ss E 73s 
a 125 


ms i = 2 
r= G) (1.2 5) (17.3 s)? = 180 m 


The minimum total distance is 


x = (2)(180 m) = 360 m 


The answer is (C). 
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DYNAMICS-18 


A block with a mass of 150 kg slides down a frictionless wedge with a slope of 
40°. The wedge is moving horizontally in the opposite direction at a constant 
velocity of 4.9 m/s. What is most nearly the absolute speed of the block 2 s 
after it is released from rest? 


Vw = 4.9 m/s 


(A) 8.9 m/s (B) 9.4 m/s (C) 9.5 m/s (D) 9.8 m/s 


Let Vpw equal the velocity of the block relative to the wedge’s slope. 
The component of gravitational force in this direction, Folope, is 
W sin @. Down the slope, relative to the wedge, 


Flope = W sin 0 = Maslope 


W sin@ x 
slope = nS gsin@ 
Vbw = Vo + Qslopet = 0+ gt sin @ 


ll 


(9.81 5) (2 s) sin 40° 


= 12.6 m/s 


The absolute velocity, v,, can be found from a velocity triangle. 
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The law of cosines gives 


vi = v2, + Vey — 2VuVbw cos 0 


= (49 my" 4: (12.6 ay - (2) (4.9 ~ (12.6 =) cos 40° 
= 88.18 m?/s? 
vp = 9.39 m/s (9.4 m/s) 


The answer is (B). 


DYNAMICS-19 


A stream flows at v, = 4.5 km/h. At what angle, 0, upstream should a boat 
traveling at vy = 12 km/h be launched in order to reach the shore directly 
opposite the launch point? 


Z Z 


B 
——_——> 
Vp = 12 km/h 
Vs = 4.5 km/h 9 ————» 
acct 
\ 
A 
7 A 
(A) 22° (B) 24° (C) 26° (D) 28° 
Draw a velocity triangle. 
Vs 
— 
Vb 
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The answer is (A). 


DYNAMICS-20 


An object is launched at 45° to the horizontal on level ground as shown. What is 
the range of the projectile if its initial velocity is 55 m/s? Neglect air resistance. 


a 


- oe 


~~ 
a 
55 m/s y” ` 


= Ò NS 
6 = 45 Ai 
N 
te 


a 


x 


(A) 309 m (B) 617 m (C) 624 m (D) 680 m 


Choosing the launch point as the origin of the z and y axes, £o = Yo = 0. 
For uniform acceleration, 


T = To + Vrot + fart” 


Y = Yo +Vyot + fayt? 
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However, az = 0 m/s”, and a, = —9.81 m/s”. Therefore, 
T = Vrot 

Y = Vyot = A 
Vay = Vo cos 0 
= (55 =) cos 45° 
s 
= 38.9 m/s 
Vyo = Vo sind 
= (55 =) sin 45° 
8 
= 38.9 m/s 
m om 
= 38.9 —t — 4.9 5t? 
y = 38.9 =t -49 5 
When the projectile is on the ground, y = 0 m/s. Thus, 
m m 
0 =t (38.9 = 4g “3t) 
t=7.94s 
m 
z = (38.9 =) 
m 
= (38.9 =) (7.94 8) 


= 308.9 m (309 m) 


The answer is (A). 
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DYNAMICS-21 
A projectile is fired with a velocity, v, perpendicular to a surface that is inclined 


at an angle, 8, with the horizontal. Determine the expression for the distance R 
to the point of impact. 


— m ee g 


point of impact 


2v2 sin ð Qv? sind 

(A) R= og Re n 
2v cos 0 2vsin 
Mi= gsin 0 PO) = gcos@ 


Using the notation in the figure, zo = 0, a, = 0, and yo = Rsiné. 
Therefore, 


T = To + Vst + fürt? 
=vzt i 
= vsin ĝt 
Y = Yo + Vyt + fayt? 
= Rsin# + vyt + 4(—g)t? 
= Rsinð + vcos Ot — igt? 
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At impact, let t = t1, zı = Reos@, and y, = 0. The two equations 
above give 


Rceos@ = vsin ti 


Reosé = 
1” ‘vain m 
0 = Rsin 6 + vcos Ot; — ġgt? [xr] 


Equations I and II give 


R ) ana DN d2 
0= Rsing +v coso ( 224) E sa( 22) 


vsin vsin@ 
27, 2) ge [/Rcos0 
0 = sin“ 0 + cos 0—to( Ser} 
gcos? OR 
= Oy? sin 
Qv? sind 
. g cos? 6 


The answer is (A). 


DYNAMICS-—22 


A cyclist on a circular track of radius r = 240 m is traveling at 8 m/s. His speed 
in the tangential direction (i.e., the direction of his travel) increases at the rate 
of 1 m/s*. What is most nearly the cyclist’s total acceleration? 


(A) —0.9 m/s? (B) 0.7 m/s? (C) 0.9 m/s? (D) 1.0 m/s? 


The total acceleration is made up of tangential and normal compo- 
nents. The tangential component is given as 1 m/s”. By definition, 
the normal component is 


my2 
eee (ey 0.27 m/s” 
= = = = U. S 
r= o 240 m E 
a= \/ a2 +a? 


= 1.04 m/s? (1.0 m/s?) 


The answer is (D) 
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DYNAMICS—23 


A motorcycle moves at a constant speed of v = 12 m/s around a curved road of 
radius r = 100 m. What is most nearly the magnitude and general direction of 
the motorcycle’s acceleration? 


100 m 
v = 12 m/s 


(A) 1.1 m/s? away from the center of curvature 
(B) 1.1 m/s? toward the center of curvature 
(C) 1.4 m/s? away from the center of curvature 
(D) 1.4 m/s? toward the center of curvature 


The normal acceleration, @n, is 


In 2 
an= Vie (25) = 1,44 m/s’ (1.4 m/s?) 
r 100 m 


Since the velocity in the tangential direction is constant, a, = 0. 
Thus, only the normal component of acceleration contributes to total 
acceleration, so a = 1.44 m/s*. The normal component is always 
directed toward the center of curvature. 
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DYNAMICS-—24 


A pendulum of mass m and length L rotates about the vertical axis. If the 
angular velocity is w, determine the expression for the height h. 


Since the pendulum undergoes uniform circular motion, 
T sin = may = mrw? (I 
Assuming the pendulum is not accelerating in the vertical direction, 


a force balance gives 
T cos? = mg [I1] 
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Combining equations I and II, 


tan = ru? 
g 
However, tan = r/h. Therefore, 
r g 
= tand w 


The answer is (B). 


DYNAMICS-25 


A 3 kg block is moving at a speed of 5 m/s. The force required to bring the 
block to a stop in 8 x 1074 seconds is most nearly 


(A) 10 kN (B) 13 kN (C) 15 kN (D) 19 kN 
Newton’s second law gives 
dv Av 
F=ma= ma "Tt 
m 
= (3 kg) s l 
— Rvin-4de e—__— 
8x 1074s 1000 N 


kN 
= 18.75 kN (19 KN) 


The answer is (D). 


DYNAMICS-26 


A rope is used to tow an 800 kg car with free-rolling wheels over a smooth, level 
road. The rope will break if the tension exceeds 2000 N. What is the greatest 
acceleration that the car can reach without breaking the rope? 


(A) 1.2 m/s? (B) 2.5 m/s* (C) 3.8 m/s? (D) 4.5 m/s? 
Fmax = MOmax 


2000 N = (800 kg)@max 
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Rearranging to solve for max, 


DYNAMICS-27 


A force of 15 N acts on a 16 kg body for 2s. If the body is initially at rest, how 
far is it displaced by the force? 


(A) 1.1m (B) 15m (C) 1.9m (D) 2.1m 


The acceleration is found using Newton’s second law. 


For a body undergoing constant acceleration, with vo = 0 m/s? and 
t=28, 
1 
Az = hat? = (5) (0.94 5) (2 s)? 
2 8 
= 1.88 m 


The answer is (C). 
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DYNAMICS—28 


A car of mass m = 150 ke accelerates in 10 s from rest at a constant rate 
to a speed of v = 6 m/s. What is the resultant force on the car due to this 
acceleration? 

(A) 75 N (B) 90 N (C) 9N (D) 98 N 


For constant acceleration, 


v = vo + at 
m m 
ck Se hey 
~~ ¢ 10s 
= 0.6 m/s” 


F = ma = (150 kg) (0.6 


The answer is (B). 


DYNAMICS~29 


A man weighs himself twice in an elevator. When the elevator is at rest, he 
weighs 824 N; when the elevator starts moving upward, he weighs 932 N. Most 
nearly how fast is the elevator accelerating, assuming constant acceleration? 


(A) 0.64 m/s? (B) 1.1 m/s? (C) 1.3 m/s? (D) 9.8 m/s? 


CE 
Nae 
Il 
© 
= 
Zz 


The mass of the man can be determined from his weight at rest. 


At constant acceleration, 


F = ma 
F _ 932 N-—824N 


m 84.0 kg 
= 1.29 m/s? (1.3 m/s?) 


The answer is (C). 
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DYNAMICS-30 


A truck weighing 1.4 kN moves up a slope of 15°. What is the force generated by 
the engine if the truck is accelerating at a rate of 3 m/s*? Assume the coefficient 
of friction is u = 0.1. 


(A) 876 N (B) 926 N (D) 958 N 


In the direction parallel to the slope, a force balance gives 


>> Fr = ma = F — (W sinb + Fẹ) 


F} is the friction force, which is equal to yN = pW cos. 


F = W (sinf + peos) + ma 


= (1400 N)(sin 15° + 0.1 cos 15°) + (x8 (3 5) 
9.8 


52 


=925.7 N (926 N) 
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DYNAMICS-31 


In the illustration, the two pulleys and the horizontal surface are frictionless. 
The cord connecting the masses ma and mp is weightless. What is the ratio of 
the acceleration of mass A to the acceleration of mass B? Assume the system is 
released from rest. 


XA 


pulley B 


(A) 1/2 (B) 1 (C) 2 (D) ma/mB 


Assuming the accelerations of both masses are constant, their respec- 
tive displacement equations are 


TA = taat? 


tp = jagt? 
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Taking the ratio of zA to rp, 


TA aa 
TB 7 aB 

Since mass B is supported by a two-segment rope section and mass 
A is pulled by only one rope, the displacement of mass B is half the 


displacement of mass A. Therefore, 


La = 2p 

aa 2rB 

an tB 
= 2 


The answer is (C). 


DYNAMICS-32 


A simplified model of a carousel is illustrated. The 8 m long arms AB and AC 
attach the seats B and C, each with a mass of 200 kg, to a vertical rotating shaft. 
What is the maximum angle of tilt, 0, for the seats, if the carousel operates at 
12 rpm? 


(A) 39° (B) 40° (C) 45° (D) 51° 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


E = &. = 


DYNAMICS 


The free-body diagram is 


The angular velocity, w, of the carousel is 


(12 =) (2 = 
= min rev 
60 — 
min 
= 1.257 rad/s 
The rotational force, F, expressed in terms of @ is 
F = ma = mrw? 


= ml sin ĝw? 
rad \? 
= (200 kg)(8 m) sin@ (1.257 =) 
= (2528 N) sin @ 
From the free-body diagram, 
F (2528 N)sin@ 


tang = = a ee 
W (200 kg) (9.81 =) 
= 1.288 sin @ 
1 
cos @ = IZ 


1 
— one"! 
@ = cos (z) 


= 39.07° (39°) 


The answer is (A). 
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DYNAMICS-—33 


In the ballistic pendulum shown, a bullet of mass m is fired into a block of mass 
M that can swing freely. Which of the following is true for the system during 
the swing motion after impact? 


pivot TN 


rigid arm N 
\ 
\ 
\ 
\ 
\ 
a 
oe OS 
- Vw? 
n> a 
bullet 


block 
(A) Both mechanical energy and momentum are conserved. 
(B) Mechanical energy is conserved; momentum is not conserved. 


(C) Momentum is conserved; mechanical energy is not conserved. 
(D) Neither mechanical energy nor momentum is conserved. 


Momentum is not conserved since an external force, gravity, acts on 
the bullet-block mass. Only mechanical energy is conserved. 


The answer is (B). 
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DYNAMICS-34 


Three masses are attached by a weightless cord as shown. If mass mg is exactly 
halfway between the other masses and is located at the center of the flat sur- 
face when the masses are released, what is most nearly its initial acceleration? 
Assume there is no friction in the system and that the pulleys have no mass. 


frictionless 


i T; 
pulley $ + | 
frictionless F 
surface 
m = 16kg 
Mt : m = 12 kg 
(A) 1.0 m/s? (B) 1.2 m/s? (C) 9.8 m/s? (D) 12 m/s? 
Mg mag 


Since mı > m3, mı will move downward and mg will be displaced to 
the left. All masses contribute to the inertia of the system. 


T, — Tz = deMtotal = Ga(m + Mz + Ma) 
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Tı and Ts are the tensions in the cord due to the masses mı and mg. 
T; = mg 
T3 = mag 


_— my, — m3 
=o (atm) 
= (9.81 a Cte) 
~ 8%) \ 16 kg + 4 ke + 12 ke 
= 1.23 m/s” (1.2 m/s”) 
The answer is (B). 


DYNAMICS-35 


The maximum capacity (occupant load) of an elevator is 1000 N. The elevator 
starts from rest, and its velocity varies with time as shown in the graph. What 
is most nearly the maximum additional tension in the elevator cable due to the 
occupants at full capacity? Neglect the mass of the elevator. 


2 4 6 time(s) 


(A) 960 N (B) 1000 N (C) 1200 N (D) 1400 N 


The maximum tension occurs during the period of maximum accel- 
eration. This occurs for 0 s < t < 2 s, with acceleration, a, equal to 
v/t = 4 m/s/2 s = 2 m/s?. The mass of the occupants is m = 1000 
N/9.81 m/s2. During this time, 


X F=ma=T-W 


, 1 r 
T = W + ma = 1000 N + (228 (2 =) 
2 


=1204N (1200 N) 


The answer is (C). 
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DYNAMICS-36 


What is most nearly the kinetic energy of a 3924 N motorcycle traveling at 40 
km/h? 


(A) 11100 J (B) 12300 J (C) 23600 J (D) 24600 J 
eerie DAN = 400 kg 
I = 


The kinetic energy is 


i 2 
Ex = hmv? = (5) (400 kg) (11.1 =) 
= 24640 J (24600 J) 


The answer is (D). 


DYNAMICS-37 


A lead hammer weighs 45 N. In one swing of the hammer, a nail is driven 1.5 
cm into a wood block. The velocity of the hammer’s head at impact is 4.5 m/s. 
What is most nearly the average resistance of the wood block? 


(A) 3090 N (B) 3100 N (C) 3920 N (D) 4090 N 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


= à z : = x $ 


11-32 1001 SOLVED ENGINEERING FUNDAMENTALS PROBLEMS 


Because energy is conserved, the kinetic energy of the hammer before 
impact is equal to the work done by the resistance force of the wood 
block. m = 45 N/9.81 m/s? = 4.59 kg, v = 4.5 m/s, and fnail = 
0.015 m. 


T 
1 eae m)? 
poime (5) (4.59 ke) (4.5 =) 
= er ~ 0.015 m 

= 3098 N (3100 N) 


DYNAMICS-38 


An automobile uses 74.6 kW to maintain a uniform speed of 96 km/h. What is 
the thrust force provided by the engine? 


(A) 0.87 kN (B) 2.8 kN (C) 3.2 kN (D) 5.6 kN 


Power is defined as work done per unit time, which, for a linear sys- 
tem, is equivalent to force times velocity. Therefore, 


P = Fv 


kW 


(2 =) (1000 =) (scars) 


= 2797.5 N (2.8 kN) 


(74.6 kW) (100 ww) 


The answer is (B). 
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A 580 N man is standing on the top of a building 40 m above the ground. What 
is his potential energy relative to the ground? 


(A) 10 kJ (B) 12 kJ (C) 20 kJ (D) 23 kJ 


Ep = Wy = (580 N)(40 m) = 23200 J 


The answer is (D). 


DYNAMICS-—40 


A 900 N object is initially suspended on a 180 m long cable. The object is then 
raised 100 m. If the cable weighs 16 N/m, how much work is done? 


(A) 100000 J (B) 298000 J (C) 320000 J (D) 398000 J 


The weight of the extended cable for the two situations is 
N 
W = (180 m) | 16 = io 2880 N 


W = (80 m) (1 x) = 1280 N 
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These weights may be considered to be concentrated at the midpoints 
of the extended cables. Choosing the datum to be at the top of the 
cable, and using the work-energy principle, the work done is equal to 
the difference in potential energies of the two situations. 


Ep = (weight) (distance) + W1 L 


Epı = (900 N)(—180 m) + (2880 N) mis =) = —421 200 J 
—80 m 
Ey2 = (900 N)(—80 m) + (1280 N) ( — ) = —123 200 J 
W = Ep2 — Epi = —123 200 J — (—421 200 J) 


= 298000 J 


The answer is (B). 


DYNAMICS-41 


A 0.05 kg mass attached to a spring (spring constant, k = 0.5 N/m) is accelerated 
to a velocity of 0.4 m/s. What is the total energy for the body in the following 
diagram? Neglect the spring mass. 


static equilibrium 


position v = 0.4 m/s 
spring m = 0.05 kg eee 
See as, =l m | 
ne eee | 
0.1m 
(A) 0.0025 J (B) 0.0040 J (C) 0.0065 J (D) 0.0092 J 


The total energy is the sum of the kinetic and potential energies. 


E = Ek + Ep 
= mv? + tka? 


j (3) (0.05 xe) (0.4 $) + (5) (0s 5) (0.1 m)? 
= 0.0065 J 


The answer is (C). 
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DYNAMICS—42 


A 1000 kg car is traveling down a 25° slope. At the instant that the speed is 
13 m/s, the driver applies the brakes. What constant force parallel to the road 
must be generated by the brakes if the car is to stop in 90 m? 


(A) 1290 N (B) 2900 N (C) 5080 N (D) 8630 N 


The change in energy is equal to the work done by the brakes. The 
change in velocity squared is 


a as my? 272 
v-v =0 (13 =) = —169 m?/s 


The change in elevation of the car is 


h — ho = 0 — (90 m) sin 25° = —38 m 
AE, + AE, = Fz 
4m(v? — vg) + mg(h — ho) = Fa 


G) (1000 kg) (-189 z) 


+ (1000 kg) (9.81 =) (—38 m) = F(90 m) 


F = —5080 N 


The answer is (C). 
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DYNAMICS-—43 

A bullet of mass 100 g is fired at a wooden block resting on a horizontal surface. 
A spring with stiffness k = 53 kN/cm resists the motion of the block. If the 
maximum displacement of the block produced by the impact of the bullet is 3.4 


cm, what is most nearly the velocity of the bullet at impact? Assume there are 
no losses at impact, and the spring has no mass. 


wood block 
k= 83 kN/m 


(A) 250km/h (B) 450 km/s (C) 630 km/h (D) 890 km/h 


Due to the conservation of energy, the kinetic energy of the bullet 
before impact is equal to the potential energy of the spring-mass- 
bullet system at maximum compression. 

Ex bullet = Ep,system 


1 
F Moulet V? = jkr? 


kr? 


Mbullet 


V= 


lm 


(53 000 =) (3.4 em)? z 
cm 100 cm (so S ) 60 min 
0.1 kg min h 


m 
1000 = 


= 891 km/h (890 km/h) 


The answer is (D). 
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A simple pendulum consists of a 100 g mass attached to a weightless cord. If 
the mass is moved laterally such that h = 5 cm and then released, what is the 
maximum tension in the cord, T? 


pivot 


(A) 1.08 N (B) 1.12 N (C) 1.18 N (D) 1.25 N 


The maximum tension will occur when the pendulum is at its lowest 
point, position 2 in the figure. The force balance in the vertical y 
direction gives 
May =T — mg 
T = may + mg 
mv? 


=y ang [I] 


From the conservation of energy, 
Epi = Exo 
mgh = kmv 


v= V2gh [11] 


2 


Equations I and II give 


T =” (Vh) 
max — ~r ma 


i — + mg 


2h +1 
= mg | =——— T 


-omo (om p) (MSA) (i) 


= 1.177 kgm/s? (1.18 N) 
The answer is (C). 
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DYNAMICS-—45 


A stationary passenger car of a train is set into motion by the impact of a moving 
locomotive. What is the impulse delivered to the car if it has a velocity of 11 
m/s immediately after the collision? The weight of the car is 56.8 kN. 


(A) 45.5 kN-s (B) 57.5 kN-s (C) 63.7 kN-s (D) 64.1 kN-s 
From the impulse-momentum principle, 
Imp = Amv 
mv, + Imp = mva 
Imp = m(v2 ~ vı) 


- (F) (a 8-08) 


g2 


= 63.7 kN-s 


The answer is (C). 


DYNAMICS—46 


Which of the following statements is FALSE? 


(A) The time rate of change of the angular momentum about a fixed point is 
equal to the total moment of the external forces acting on the system about 
the point. 


(B) The coefficient of restitution can be less than zero. 
(C) The frictional force always acts to resist motion. 
(D) Momentum is conserved during elastic collisions. 


The coefficient of restitution is defined as the ratio of the impulses cor- 
responding to the period of restitution and to the period of 
deformation of a body, respectively. Its value is always between 


The answer is (B). 
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DYNAMICS-47 
Two identical balls hit head-on in a perfectly elastic collision. Given that the 


initial velocity of one ball is 0.85 m/s and the initial velocity of the other is 
—0.53 m/s, what is the relative velocity of each ball after the collision? 


(A) 0.85 m/s and —0.53 m/s 
(B) 1.2 m/s and —0.72 m/s 
(C) 1.2 m/s and —5.1 m/s 
(D) 1.8 m/s and —0.98 m/s 


Let vı and vz be the velocities of balls 1 and 2, respectively, after the 
collision. The conservation of momentum equation is 


MVoi + Mvo? = MV1 + MV2 
0.85 > + (—0.53 =) =v +v 
vı + V2 = 0.32 m/s [1] 


Since kinetic energy is conserved, 


ee | Tea es BD i iya 
HMVO, + amo: = FMVi + 3Mv9 


(0.85 my" + (-0.53 zy" =v? +v 


v? +v =1 m?/s? [11] 


Combining Eggs. I and II, 


v2 — 0.32v2 — 0.4488 = 0 


(-0.32 my «= (4)(1) ( 


2 
= 0.85 m/s or —0.53 m/s [negative value not used] 


vi = 0.32 — vz = 0.32 Z — 0.85 Z 
S S5 
= —0.53 m/s 


m2 
52 


—0.4488 


) 


The answer is (A). 
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DYNAMICS-—48 


A steel ball weighing 490 N strikes a stationary wooden ball weighing 490 N. If 
the steel ball has a velocity of 5.1 m/s at impact, what is its velocity immediately 
after impact? Assume the collision is central and perfectly elastic. 


Vs 


(A). —5 m/s (B) -2 m/s (C) 0 m/s (D) 5 m/s 


Since the balls have the same weight, they have equal mass. Denoting 
the instances before and after the collision by the subscripts 1 and 2, 
respectively, v.1 = 5.1 m/s and v1 = 0. Conservation of momentum 
gives 


MeVa1 + MyVw1 = M5Ve2 + NyVw2 
Va2 + Vw2 = Vs1 = 5.1 m/s 


Conservation of energy gives 
1 1 2 Im 2 l 
JMV + Muva = imsv + FMwVF 9 
2 
2 3 _ 2 _ m 
Vaz + Ve = Vg) = (5.1 =) 
= 26.01 m?/s” 


Solving Eqs. I and II simultaneously, 


2 
ie + (26.01 a _ 10.2v 52 +v2) = 26.01 m?/s” 
2v2, — 10.2v.2 = 0 


m 
v2 —5.l a =0 


“B 


vs2 = 0 m/s, 5.1 m/s 


If veg = 5.1 m/s, then vąẹ2 = 0 m/s, and no change has occurred 
during the collision. This is physically impossible, so vs2 = 0 m/s. 


The answer is (C). 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


u 


DYNAMICS 11-41 
DYNAMICS—49 


Two masses collide in a perfectly inelastic collision. Given the data in the il- 
lustration, find the velocity and direction of motion of the resulting combined 
mass. 


) The mass is stationary. 
B) 4 m/s to the right 

) 5 m/s to the left 

) 10 m/s to the right 


Let the positive direction of motion be to the right. Let mg be the 
resultant combined mass moving at velocity v3 after the collision. 
Since momentum is conserved, 


MV + MV2 = M3V3 
However, ma = mi + m2 = 4m2 + Mz = 5m2. Therefore, 


4mo (10 =) +m (-20 =) = 5mavg 


40m2 — 20m2 = 5mev3 


v3 = 4 m/s to the right 
The answer is (B). 


DYNAMICS-50 


A ball is dropped onto a solid floor from an initial height, ho. If the coefficient 
of restitution, e, is 0.90, how high will the ball rebound? 


© initial position 


AP ne 
f |) rebound position 
d- 


(A) 0.45hy (B) 0.81h; (C) 0.85%, (D) 0.90h1 
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The subscripts 1, 2, and 3 denote the positions shown. 


Conservation of energy gives, before impact, 


Ei total = E2,total 


Since the kinetic energy at position 1 and the potential energy at 


position 2 are zero, 


mgh, = imv3 


V3 = y 2ghħı 


After impact, the kinetic energy at position 3 is zero. 


1 z 
tmv = mgh 


V2 = 2gh3 


By definition, the coefficient of restitution is 


_ _Vball — Vfoor _ V 
Vi,floor = V1,ball V1 


V2gh3 _ _,/hs 
V2ghy hy 
hg = ehi = (0.9)°h; 


= 0.81hı 
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DYNAMICS-51 

A mass suspended in space explodes into three pieces whose masses, initial ve- 
locities, and directions are given in the illustration. All motion is within a single 
plane. Find the velocity of m3. 


m =1 
vVi= 20 m/s 


vz = 40 m/s 


(A) 20 m/s (B) 23 m/s (C) 35 m/s (D) 40 m/s 


Defining the x and y axes as shown, conservation of momentum for 
the x direction gives 


M2V2 cos 30° + mgv3 cos = 0 
2v2 cos 30° + 4v3 cos? = 0 


(2) (40 =) cos 30° = —4v3 cos 0 


20 = cos 30° = —v3 cos@ 
17.32 = 
“=a m 
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For the y direction, 
m1v1 + Mave sin 30° + mava sin = 0 


mi (20 5) + 2m, (40 =) sin 30° = —4m v3 sin 8 


—4v3 sin @ = 60 = 


ean [1] 


Equations I and II give 


60 = 
tanb = ——_—.S__ 
(17.32 =) (4) 
@ = 40.9° 
~17.32 = 
beds cos 40.9° 
= 22.9 m/s 


The answer is (B). 


DYNAMICS-52 


Which of the following statements is FALSE? 

(A) Kinematics is the study of the effects of motion, while kinetics is the study 
of the causes of motion. 

(B) The radius of gyration for a mass of uniform thickness is identical to the 
radius of gyration for a planar area of the same shape. 

(C) Angular momentum for rigid bodies may be regarded as the product of 
angular velocity and inertia. 

(D) The acceleration of any point within a homogenous body rotating with a 
constant angular velocity is proportional to the distance of that point to 
the center of mass. 

A body rotating at a constant angular velocity has no angular accel- 
eration. 


The answer is (D). 
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DYNAMICS-53 
A uniform beam of weight W is supported by a pin joint and a wire. What will 
be the angular acceleration, a, at the instant that the wire is cut? 


(a) 4 B) 3 o% m 78 


The only force on the beam is its weight acting at a distance of L/2 
from point O. Taking the moment about O, 


L 
W (5) = Ioa 


For a slender beam rotating about its end, 


ii 1 2 
Io = gin 
„WL WL 
?lo 9 (mz?) 
= 39 
— 2L 


The answer is (B). 
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DYNAMICS-54 


A thin circular disk of mass 25 kg and radius 1.5 m is spinning about its axis 
by applying a constant force, F, to the edge of the disk. The force required is 
most nearly 


(A) 7.2N (B) 16N (C) 24N (D) 32 N 


The relationship between the retarding moment, Fr, and the decel- 
eration is 
Fr=-Ipa 


Designating the positive rotational direction as counterclockwise, w = 
—1800 rpm. Therefore, 


F= _Ioa __ gmr Q 

r r 
Soe 
~ 2 At 

Tev 
—1800 — +2 

1 ; 1 min 

=== 95k Í — Mn a 
( J TREL) (( 2.5 min ) (27) (saan 3) 

=23.6 N (24N) 
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DYNAMICS-—55 


A mass, m, of 0.025 kg is hanging from a spring whose spring constant, k, is 0.44 
N/m. If the mass is pulled down and released, what is the period of oscillation? 


(A) 0.50s (B) 1.28 (©) 1.58 (D) 2.18 


By definition, the period T is 


T =m > = 2m 


=1.58 


0.025 ke 
0.44 Ñ 
m 


The answer is (C). 


DYNAMICS-56 


A body hangs from an ideal spring. What is the frequency of oscillation of the 
body if its mass, m, is 0.015 kg, and & is 0.5 N/m? 


(A) 0.51 Hz (B) 0.66 Hz (C) 0.78 Hz (D) 0.92 Hz 
By definition, the frequency, f, is 


N 
jalta 
2r Vm 2r \0.015 kg 


= 0.92 Hz 


The answer is (D). 


DYNAMICS-57 


What is the natural frequency, w, of an oscillating body whose period of oscilla- 
tion is 1.8 s? 


(A) 1.8 rad/s (B) 2.7 rad/s (C) 3.5 rad/s (D) 4.2 rad/s 


me 2r 2m 
T 18s 
= 3.5 rad/s 


The answer is (C). 
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DYNAMICS-58 


A one-story frame is subjected to a sinusoidal forcing function g(t) = Q sin wt at 
the transom. What is most nearly the frequency of q(t), in hertz, if the frame is 
in resonance with the force? 


q(t) =a sin or m= 135 kg 


lateral stiffness 
k = 5 kN/cm 


(A) 2.6 Hz (B) 2.9 Hz (C) 3.6 Hz (D) 9.7 Hz 


Resonance occurs when the forced frequency, w, equals the natural 
frequency, Wn- 


m = 135 kg 
k= (sooo =) (200 =) = 500 000 N/m 
cm m 


N 
1 fk ı | 500000 — 
f==—1/-—=—\| — 
2rVm m 135 kg 
= 9.69 Hz (9.7 Hz) 


The answer is (D). 


DYNAMICS-—59 


In the mass-spring system shown, the mass, m, is displaced 0.09 m to the right 
of the equilibrium position and then released. Find the maximum velocity of m. 


kı = 17 kN/m ky = 17 kN/m 


(oh 


Aa frictionless 


surface 


(A) 0.3 m/s (B) 5 m/s (C) 8 m/s (D) 14 m/s 
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The kinetic energy before the mass is released is zero. The maxi- 
mum velocity will occur when the mass returns to the point of static 
equilibrium, where the deflection is zero and, hence, the potential 
energy equals zero. Therefore, since the total energy of the system is 
constant, 
Ep = Ex,2 
ikiz? + ikar? = mv? 
The displacement of each spring is 


æ = 0.09 m 


t= | kir? + kaz? 
m 
((27 =) (0.09 m)? + ( 
m 


=13.5 m/s (14 m/s) 


17 — 
m 


S (0.09 m)?) (000 a) 


1.5 kg 


lt 


The answer is (D). 


DYNAMICS-60 


A cantilever beam with an end mass, m = 7000 kg, deflects 5 cm when a force 
of 5 KN is applied at the end. The beam is subsequently mounted on a spring 
of stiffness, ka = 1.5 kKN/cm. What is most nearly the natural frequency of the 
mass-beam-spring system? 
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gw 


(A) 1.5 rad/s (B) 3.1 rad/s (C) 6.0 rad/s (D) 6.3 rad/s 


A cantilever with an end mass m can be modeled as follows. 


xz 


5000 N 
b = = 1000 N/cm 
5 cm 
For this model, both springs undergo the same deflection. Hence, 
ee N 
k = kp + ka = 1000 — + 1500 X 
cm cm 


The natural frequency is, therefore, 
(2500 =) (100 =) 


7000 kg 
=5.98 rad/s (6.0 rad/s) 
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DC ELECTRICITY-1 
Which statement about a charge placed on a dielectric material is true? 


(A) The charge diffuses across the material’s surface. 

(B) The charge diffuses through the interior of the material. 

(C) The charge is confined to the region in which the charge was placed. 
(D) The charge increases the conductivity of the material. 


In a dielectric, all charges are attached to specific atoms or molecules. 


The answer is (C). 


DC ELECTRICITY-—2 


The coulomb force, F, acts on two charges a distance, r, apart. What is F 
proportional to? 


1 1 
(A) r (B) r? 5 0) 5 
The coulomb force is i 
F= 9192 
~ Aner? 


gı and ge are the charges, and ¢ is the permittivity of the surrounding 
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lagn 


DC ELECTRICITY-3 
The force between two electrons in a vacuum is 1 x 10715 N. Approximately how 
far apart are the electrons? 


(A) 1.4 x 10712 m (B) 5.1 x 10712 m 
(C) 4.8 x 1077 m (D) 1.7 x 107° m 
Coulomb’s law is 
192 _ 
4ne,r2 


€o = 8.85 x 1071? C?/N-m?. Also, for an electron, q = 1.6 x 10-! C. 
Solving for r, 


1 
= treoF 


= (1.6 x 107! C) 


nat) (1 x 10715 N) 


Ar (ss x 10-12 


= 4.8 x 1077m 


The answer is (C). 


DC ELECTRICITY-4 


Two solid spheres have charges of 1 C and —8 C, respectively. The permittivity, 
€o, is 8.85 x 1071? C?/N-m?, and the distance between the sphere centers, r, is 
0.3 m. Determine the force on the spheres. 

(A) -1x 103 N (B) -8x10'N (C)ON (D) 8 x 10 N 


Because of their symmetry, charged spheres may be treated as point 
charges. Use Coulomb’s law. 


= 4TEor? i o C 
j 4 k: j—12 > ; 2 
n (8.85 x 10 N. z) (0.3 m) 
= —8 x 10™ N 


The answer is (B). 
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DC ELECTRICITY-5 


A parallel plate capacitor with plates of area A that are separated a distance 
d by air is initially charged with charge qe- The energy stored in the capacitor 
initially is Æ. The plates are then separated by 2d. What is the new energy 
stored in the capacitor? 


(A) 0 (B) 0.52 (C) E (D) 2E 
The energy initially stored in the capacitor is 
2 
= Ie 
pS 2C 


C is the initial capacitance. After the increase in plate separation, 
the capacitance, C”, is 


7 oe 
B= 207 = HG A 


The increased energy is added into the system when force is used to 
separate the plates against the electrostatic force between them. 


The answer is (D). 


DC ELECTRICITY-6 


A 0.001 C charge is separated from a 0.003 C charge by 10 m. If P denotes 
the point of zero electric field between the charges, determine the distance, x, 
between the 0.001 C charge and point P. 


1x 103°C 3x 10°C 


(A) 2.2m (B) 3.7 m (C) 6.3 m (D) 14 m 
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Electric field intensity E at point 2 due to a point charge, Q, at point 


1 is 
Aner? 


r is the distance between points 1 and 2. 


At the point where E is zero, the electric field due to the 0.001 C 
charge equals the field due to the 0.003 C charge in magnitude. 
0.001 C 0.003 C 
aneor? ATEo(10 m — z)? 
(10 m — 2)? = 32? 
z’ +102 —50=0 


Solving for the positive x value, 


es —b + Vb? — 4ac 
7 2a 


_ —10m+ /(10 m)? — (4)(1 m)(—50 m) 
a re 


3.66 m (3.7 m) 


| 


The answer is (B). 


DC ELECTRICITY-7 


A 3 C charge and a 5 C charge are 10 m apart. A 7 C charge is placed on a 
line connecting the two charges, © meters away from the 3 C charge. If the 7 C 
charge is in equilibrium, find the value of z. 


i 
C9 
L | 


10m 


(A) 3.9 m (B) 4.4m (C) 5.0 m (D) 5.7 m 
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At equilibrium, F37 = Frys. Using Coulomb’s law, 


(3C)(7C)_ (7050) 
dmegx?  4Areo(10 m — z)? 
(21 C?)(10 m — x)? = 352 
z? + 302 — 150 =0 


Solving for a positive value of z, 


_ b+ Vb? — 4ac 

~ 2a B 

-30 m + V60 m)? - (0 m)(—150 m 
m E 


=4.36m (4.4 m) 


The answer is (B). 


DC ELECTRICITY-8 


Two charges, A and B, of equal and opposite value are separated by a distance, 
d. r is the distance from a charge to any point, P, lying on the normal plane 
that bisects the length d. What is the electric field at point P if K is a constant 
equal to 1/4re? 
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The total electric field will be in the x direction only, since the y components 
of the charges cancel each other out. By definition, with a, denoting the 
unit radial vector, 


K 
Etotal = (5) ar 
r 


Therefore, 
K 
Erota = Ea + Ep - (= A) cos + (=e) cos @ 
2K aKa 2d 
r 
K a 
r3 


The answer is (A). 
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DC ELECTRICITY-9 


A hollow metallic spherical shell has a charge of 0.001 C. The shell is 2 m in 
diameter. Which of the following correctly shows the variation of electric field 
with respect to the distance, r, from the center of the sphere’ 


9 9 
8 8 
7 g7 
2 6 wl 26 
: > o 5 
(A) o 3 et (B) 2 
= 3 w 3 
Wa 2 
1 1 
1234567 1234567 
rim) r(m) 
9 9 
8 8 
S77] ae! 
= aa = 8 el 
(C) ERIS s or (D) 33 elf 
w 3 = 3 
2b | "us 
IF 1 
1234567 1234567 


r(m) r(m) 


Outside the sphere, Coulomb’s law can be used to find the electric 
field. Thus, the electric field varies as 1/r? for r > 1 m. On the 
surface of the sphere, r = 1 m. 


0.001 C 


i ee 
4r (sss x 10-12 fait) (1 m)? 


= = = 6 
= eee 9x 10° N/C 


Gauss’ law states that the electric flux passing through a given closed 
surface is proportional to the charge enclosed by the surface. There 
is no charge within the sphere. Therefore, the electric field is zero for 
r<1m. Only (D) is correct. 
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DC ELECTRICITY-10 


Approximately how far away must an isolated positive point charge of 1 x 1078 
C be in order for it to produce an electric potential of 100 V? The charge is in 
free space with €o = 8.85 x 1071? C?/N-m?. 


(A) 0.90 m (B) 1.2m (C) 5.3 m (D) 8.6 m 


At a distance, r, from a point charge, q, 


Fe - [ Bar a 
Aner 


. 4 
ars 4neV l 
1x10 C 
z= == Gy - — 
4r (285 x 10-22 ra) (100 V) 


= 0.90 m 
The answer is (A). 


DC ELECTRICITY-11 


A point charge, q, in a vacuum creates a potential, V, at a distance, r. A 
reference voltage of zero is arbitrarily selected when r = a. If K = 1/4765, 
which of the following is the correct expression for V? 


1 1 l-a 
(A) Ka(S-3)  @ KAS 
. 1 1 1 1 
(C) Kq (-3) (D) Kq (=-3) 
From Coulomb’s law for a point charge, 
_ Kq 
=% 
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DC ELECTRICITY-—12 


What accelerating voltage is required to accelerate an electron to a kinetic energy 
of 5 x 10-15 J? The charge of an electron is 1.6 x 10719 C. 


(A) 8kV (B) 13 kV (C) 19 kV (D) 31 kV 


For an electron, after the potential energy has been converted to 
kinetic energy, kinetic energy is 


Ex = qV 
y= Ekr 5 x107 J 
= q  16x10-19C 


=31250 V (31 kV) 


DC ELECTRICITY-13 


A certain potential variation in the xy plane is given by the expression 


VV = (saa) (i+j) 


Which of the following gives the magnitude and direction (angle made with the 
z-axis) of the electric field intensity at the point (2,1)? 


(A) —V2/4, 7 (B) 1/2, —n/4.— (C) V2/2, m/4 (D) 1/2, 7/4 


Since this is equivalent to the expression given, 


= av\? fav\? 
\/E2 + E = (=) +(F 


E 


2 


il 


1 1 
—— + ——_— 
(e) (ese 
2 
z? + 4y? 
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Evaluating at the point (2,1), 


| 2 
P= OFF Oar 


=1/2 


The angle from horizontal that the E field is directed is 


tan@ = Ea 
y 
1 
_ Va? + 4y? eg 
= cs 
Vx? + 4y? 
O=7/4 


The answer is (D). 


DC ELECTRICITY-14 


An electric dipole is placed in a uniform electric field of intensity, Æ. Given the 
information in the figure, what is most nearly the torque acting on the dipole? 


E = 0.09 N/C 
q=1.7C 
a = 63.5 mm 
8 = 30° 
(A) 1.7 x 107? N-m (B) 3.3 x 107? Nem 
(C) 4.8 x 107? N-m (D) 9.5 x 107? N-m 


The torque is 
T = F(2a)sin@ 


F is the force from the electric field. 


F = Eq = 0.09 = x 1.7 C 


=0.15 N 
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DC ELECTRICITY 12-11 
Solving for torque, 


63.5 mm 
T = (0.15 N)(2) | sar | sin 30° 
1000 Z= 


= 9.5 x 107? Nm 


DC ELECTRICITY-15 


Current i is applied to a long N-turn solenoid with cross-section area A and 
length d. The magnetic field intensity inside the solenoid is H = Ni/d when d 
is very large. What is the inductance of this long solenoid in air? 


HoNA oN? A HoNA HoN. 
(A) = B) —7 (C) = (D) —] 


The magnetic flux passing through one turn of the solenoid is 


D = [8-08 = 10H 


The total flux enclosed by the N turns is obtained by summing the 
contribution of all the turns. 


&= Y ,=poNHA 


turns 


The inductance is 
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DC ELECTRICITY-16 
Which of the following is NOT a property of magnetic field lines? 


(A) The field is stronger where the lines are closer together. 

(B) The lines intersect surfaces of equal intensity at right angles. 
(C) Magnetic field lines have no beginnings and no ends. 

(D) The lines cross themselves only at right angles. 


Magnetic field lines do not cross. Their direction at any given point 
is unique. 


The answer is (D). 


DC ELECTRICITY-17 
The tesla is a unit of 


(A) permittivity 
(B) capacitance 
(C) inductance 
(D) magnetic flux density 


The tesla is a unit of magnetic flux density. 


The answer is (D). 


DC ELECTRICITY-18 


The south poles of two bar magnets are 7.5 cm apart in air. The magnets are of 
equal strength and repel each other with a force of 4.9 x 10-4 N. What is most 
nearly the strength of each magnet? 


(A) 6.6 x 10-8 Wb (B) 0.86 Wb 
(C) 11 Wb (D) 53 Wb 
The force between two magnets of strength Mı and Mg is 


Mi M2 
F=— 3 
Anur 
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M, = Mg. Therefore, 
M = /4rpr?F 


= 4/40 CG x 10-7 z) (0.075 m)?(4.9 x 10-4 N) 


= 6.60 x 107 Wb [unit poles] 


The answer is (A). 


DC ELECTRICITY-19 
A conductor has length of 1 m, electrical resistivity of 0.1 Q-m, and area of 0.01 


m?, A uniform direct current having a density of 100 A/m? flows through this 
conductor. What is the power loss in the conductor? 


(A) 0W (B) 1W (C) 10 W (D) 100 W 
The resistance of the conductor is 


= pL _ (0.1 Q-m)(1 m) 


A tim 7NR 


R 


The current flows through the conductor is 


A 


I=JA= (10 =) (0.01 m?) =1A 


Therefore, the power consumed in the conductor is 


P=PR=(1 A)*(109)=10 W 


The answer is (C). 


DC ELECTRICITY-20 
For a field given by B = uH (Wb/m?), what is the energy storage per unit 
volume? 


by 
we 


@v-2 wet L mu~zZ, 


E 
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The energy stored in a magnetic field H per unit volume is U = 
1/2BH. Since B = uH, H = B/u. Therefore, 


_B B 
U=ip-—=— 
2 u 2u 


The answer is (A). 


DC ELECTRICITY-21 
The magnetic flux density, B, and the magnetic field intensity, H, have the 
following relationship. 

B= Ho(H +M) 
Ho is the permeability of free space (in H/m), and M is the magnetic polarization 
of the material (in A/m). If B is increasing, which of the following may be true 


about the state of metal X at a value of H = 100 A/m? The B-H curve of the 
metal is as shown. 


B(Wb/m) 


100 H(A/m) 


(A) B=0.6 Wb/m; metal X is nonferrous 
(B) B=0.6 Wb/m; metal X is ferrous 
(C) B=1.0 Wb/m; metal X is nonferrous 
(D) B=1.0 Wb/m; metal X is ferrous 


Nonferrous metals do not exhibit hysteresis; hence, metal X is ferrous. 
The hysteresis curve follows a counterclockwise path. Therefore, for 
B to be increasing at an H value of 100 A/m, B = 0.6 Wb/m. 
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DC ELECTRICITY—22 


Two identical coils of radius r are placed at a distance r apart as shown. Such 
a configuration is called a Helmholtz coil. Which of the following describes the 
magnetic field created by passing a uniform current through the assembly? 


f 


(A) The magnetic field is negligible regardless of the magnitude of T. 
(B) The magnetic field is zero midway between the two coils. 

(C) The magnetic field is fairly uniform between the two coils. 

(D) The magnetic field is zero at the centers of the coils. 


The magnetic field between the two coils is the superposition of the 
field created by each coil. Since the currents in both coils are in the 
same direction, the direction of each individual magnetic field is also 
the same, using the right-hand rule. Therefore, the fields will not 
cancel each other. 


Since the two coils are circular with their centers aligned, the field 
between them will be fairly uniform. 


The answer is (C). 


DC ELECTRICITY—23 

Which statement is true? 

(A) Magnetic flux lines have sources only. 

(B) Magnetic flux lines have sinks only. 

(C) Magnetic flux lines have both sources and sinks. 
(D) Magnetic flux lines do not have sources or sinks. 


Magnetic flux lines are closed loops with no sources or sinks. No 
known particle produces lines of magnetism. 


The answer is (D). 
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DC ELECTRICITY—24 


A charge of 0.75 C passes through a wire every 15 s. What is most nearly the 
current in the wire? 


(A) 5.0 mA (B) 9.4 mA (C) 20 mA (D) 50 mA 
Current is the charge per unit time passing through the wire. 
(0.75 C) (1000 TE) 
— — A 
~ 15 s 


DC ELECTRICITY-—25 


What is most nearly the total resistance between points A and B? 


A A,=20 c m®=50 p 


12v = Ra=15V 


(A) 02 (B) 122 (C) 16.2 D) 222 


The total resistance is the sum of the resistance between points A and C, 
plus the equivalent resistance of the resistors in parallel between points 


C and B. 


Riota = Ri + Ra || (Re + Rs) 


=2 0+ r 


=2 9 +109 
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DC ELECTRICITY—26 


What is the total resistance (as seen by the battery) of the following network? 


60 120 60 


(A) 6.0 (B) 129 (C) 152 (D) 242 


AB is a short circuit. Therefore, the rest of the circuit does not con- 
tribute to the resistance. The effective circuit is 


R, = 62 Ry = 120 
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DC ELECTRICITY-27 


In the circuit shown, R = 10 Q, and the electromagnetic force, V, is 2 V. What 
is most nearly the current, I? 


(A) 0.10 A (B) 0.30 A (C) 0.67 A (D) 3.3 A 


1 
Riotal = R Il 2R = I I 
+ oR 


ol 


2R 
BEI 
sun 
3 
=6.67Q 


Use Ohm’s law. Current is calculated as voltage divided by total 
resistance. 
o V 
Riotal 
2V 
~ 6.67 2 
= 0.30 A 


I 


The answer is (B). 
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DC ELECTRICITY—28 
Find the current passing through the 3 © resistor. 


60 A 120 B ên 


(A) 0A (B) 0.3 A (C) 1A (D) 4A 
Current from a battery will always follow a path of zero resistance in 
a circuit. Instead of flowing through the 3 Q resistor and its neighbor- 
ing resistors, the current will follow the path BCDE, a short circuit. 
There will be no current in the resistor. 


The answer is (A). 


DC ELECTRICITY-29 
What is most nearly the current passing through the 30 2 resistor? 


109 


(A) 0.0 A (B) 29 mA (C) 50 mA (D) 57 mA 
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R, = 109 


B © C 


The circuit is symmetrical. Therefore, a current, J}, flows through 
the resistors, R,, and Ra. Another current, Iz, flows through resistor 
Rz. From Kirchhoff’s current law at point A, 


Zr=0 
Ip = 21; 
Using Kirchhoff’s voltage law around the loop ABCDA. 
V = Rolo + Balt 


QV = (30 2)Ip + (10 YL 
QV = (30 2)(241) + (10 Mh 


2V = (70 Lh 
Iı = 0.0286 A 
Iz = 21, = (2)(0.0286 A) (1000 zA) 
=57 mA 


The answer is (D). 
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DC ELECTRICITY-30 
What is most nearly the current through AB? 


60V 52 cç 100 


(A) 0.5 A 


I, +I, 


By redrawing the circuit and designating the currents as shown in loop 
ACBA, the currents through the remaining loops can be expressed in 
terms of J), Iz, and Jz. Since voltage equals resistance multiplied by 


current, for loop CDAC, 


60 V = (5 2) (Ip — Ig) — (10 2) (Ty + Is) — (10 2)I3 


20, —Ig+5Ig3 = —12 A 


For loop BEDAB, 


120 V = (10 2)(I; + I2) + (10 Q) + 5) + (5 DL 


0 = 257, + 1072 + 1073 — 120 
5], +25 +21; =24 A 
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Around loop ACBA, 


0 V = —(5 9) + (10 Q) + (10 Ùs 
I ~2Ip —27g =0 A mn] 


Observe that adding Eqs. II and III can directly solve Jy. 


67, =24 A 
=4A 


DC ELECTRICITY-31 


In the circuit shown, what is the current through CD? 


R,=052 B R=100 c 


R3 = 150 


cell 1 = 1.5 V cell 2 = 1.5 V 


(A) 0.20 A (B) 0.60 A (C) 1.0 A (D) 1.9 A 


R=050 B Mm=100 ¢ R =0.50 B R=100 ¢ 


R; = 1.5 0 


cell 1 = 1.5 V cell 2 = 1.5 V 
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The method of superposition is used to find the current, J. Let J, be 
the current from cell 1, and let Jy be the current from cell 2. Then, 
I= I + J. Short circuiting cell 2 to find J, as shown in illustration 
(a), the equivalent total resistance is 


Rrotal, = Ri + Re || Rs 


Rg Rz 
=R ae 
it R+ R3 
(1.5 Y1 9) 
2.52 


= 0.5 2+ 


Short circuiting cell 1 to find I2, as shown in illustration (b), the 
equivalent total resistance is 


Rrotal,2 = Ri || Ra + Re 


i R,R3 4 
~ Rit Rs z 
7 (0.5 2)(1.5 Q) 
=1 Q+ ge 0 
= 1.875 2 
1.5 V 
a= zna 
=11A 


The total current is 


T=I,+I=082A411A 
=1.92A (1.9 A) 


The answer is (D). 
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DC ELECTRICITY-32 
For the network shown, find the voltage drop from C to D. 


A 


Ry =20¢ 


Ag =50 


Ry = 1680 


(A) 2.0 V (B) 2.5 V (C) 3.0 V (D) 8.0 V 
The total resistance is 
Riotai = Ri + Re || (Rg + Ra) 


1 
=k — 
Ro Ry t+Ra 

1 
1 1 


WATB 


=2Q+ 


Use a current divider to find the current in section CDB. 


Icos = I ( fa 
CDB = ‘total Ra + Rs + R3 


20 2 
-aa (28) 
=0.5 A 
Vep = IcpoB R3 
= (0:5 A)(5 9) 
=2.5 V 


The answer is (B). 
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DC ELECTRICITY-—33 


Determine the voltage drop across the 4 Q resistor in the network shown. 


80 2 


The network is redrawn with the currents and circuit points labeled 
as shown. The current through BE is equal to the sum of currents 
from AB and CB. 


Ign =T,+1lg2=2 A+], 
Kirchhoff’s voltage law around loop DCBE gives 

Vopn = Ril + RaIgc 

6V = (2 Q) + (4 Q)Ise = (2 )I2 + (4 )(2 A+ Iz) 

Iz = —0.333 A [opposite to the direction that it was defined] 
Ipe = 2 A — 0.333 A=1.67A 
Ver = (1.67 A)(4 Q) 

= 6.68 V (6.7 V) 


The answer is (B). 
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DC ELECTRICITY-34 


The voltage at point A in the network shown is most nearly 


3.0 30 


(A) 1.0 V (B) 2.3 V (C) 3.0 V (D) 4.5 V 


The circuit is redrawn. 


Superposition is used to find Iz. 

Tp = Iev — hsv 
Igy is the current through BA from the 6 V source, and Åg y is the current 
through BA from the 12 V source. The equivalent resistances are calculated 


by short circuit for each voltage source. 


Rev = Rz + Ry || Re 
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DC ELECTRICITY 12-27 
Rioy = Ri + Re || Rs 


(a) 
Riv/ \R2 + Ra 


h =Iev — hev 
=0.75 A—0.5 A 
= 0.25 A 
Va = Vev — I2R3 
= 6 V = (0.25 A)(6 Q) 
=45 V 


The answer is (D). 


DC ELECTRICITY-35 


What is the voltage drop across the 8 Q resistor in the following circuit? 


[i 
ee, 
| Go 
rs 
ei” 
a 
a 
|< 
Wii” 

ll 

=] 

on 
> 


8 


(A) 8V (B) 12 V (C) 20 V (D) 22 V 
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Redrawing the circuit as shown, with Ic equal to the component of 
the current through the 8 Q resistor due to the current source, and 
Iy equal to the component of the current through the resistor due to 
the voltage source, 

Ign = Ie -Iy 


But, Ic = 1 A, and Iy = 0 A. Therefore, 


lo =1A 
Van = IR = (1 A)(8 9) 
=8 V 


The answer is (A). 


DC ELECTRICITY-36 


Determine the voltage drop across the 6 Q resistor. 


8n 4 


(A) 6.0 V (B) 9.0 V (C) 10V (D) 18 V 
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MATERIALS SCIENCE 9-27 


From the graphs, the modulus of elasticity of material B is greater 
than that of material A. This means that material A is more duc- 
tile, that is, it can undergo more strain before fracturing. However, 
material B can withstand higher loads than material A. Only option 
(D) is correct. 


The answer is (D). 


MATERIALS SCIENCE—49 


If the diagram below represents deformation of rigid bodies, what do x, y, m, 
and n refer to? 


y 


(A) z = stress, y = strain, m = plastic deformation, n = elastic deformation 
(B) z = strain, y = stress, m = plastic deformation, n = elastic deformation 
(C) x = stress, y = strain, m = elastic deformation, n = plastic deformation 
(D) z = strain, y = stress, m = elastic deformation, n = plastic deformation 


Option (C) is the only choice that fits the graph. 
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MATERIALS SCIENCE-50 
Which of the following best describes the 0.2% offset yield stress? 


(A) It is the elastic limit after which a measurable plastic strain has occurred. 
(B) It is the stress at which the material plastically strains 0.2%. 

(C) It is the stress at which the material elastically strains 0.2%. 

(D) It is 0.2% below the fracture point of the material. 


By definition, the offset yield stress is where the material undergoes 
a 0.2% plastic strain. 


The answer is (B). 


MATERIALS SCIENCE-51 


Which of the following is true regarding the ductile-to-brittle transition temper- 
ature? 


I. It is important for structures used in cold environments. 


II. It is the point at which the size of the shear lip or tearing rim goes to 
Zero. 


II. It is the temperature at which 20 J of energy causes failure in a Charpy 
v-notch specimen of standard dimensions. 
(A) I only (B) land II (C) I and III (D) II and III 


TI is the only choice that is false. A test piece broken at 20 J of energy 
usually has a small shear lip. 


MATERIALS SCIENCE-52 
Which of the following are true regarding creep? 
I. It is caused by the diffusion of vacancies to edge dislocations, permitting 
dislocation climb. 
II. It involves the plastic deformation of materials at loads below the yield 
stress. 


HI. It may involve whole grain sliding. 
(A) I only (B) IT only (C) I and III (D) 1, II, and III 
PROFESSIONAL PUBLICATIONS, INC. 
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All are true. 


MATERIALS SCIENCE-53 
Under conditions of very slow deformation and high temperature, it is possible 
to have plastic flow in a crystal at shear stresses lower than the critical shear 


stress. What is this phenomenon called? 


(A) slip (B) twinning (C) creep (D) bending 


Creep involves the flow of material. 


MATERIALS SCIENCE-54 
What does the Charpy impact test measure? 


I. the energy required to break a test sample 
II. the strength of a test sample 
III. the ductile to brittle transition temperature of metals 


(A) I only (B) II only (C) III only (D) I and III 


The Charpy test measures toughness, the energy required to break a 
sample. By conducting the test at different temperatures, the brittle tran- 
sition temperature can be determined. 
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MATERIALS SCIENCE-55 


A shaft made of good quality steel breaks in half due to fatigue. What would 
the surface of the fracture site look like? 


(A) like a cup and cone 


(B) quite smooth to the unaided eye, with ripples apparent under low-power 
magnification 


(C) smooth over most of the surface, with tearing at the location of fracture 
(D) very jagged and rough 


Typically, the surface is mostly smooth. Where final fracture took 
place however, the surface is torn. 


The answer is (C). 


MATERIALS SCIENCE-56 


To which of the following can the large discrepancy between the actual and 
theoretical strengths of metals mainly be attributed? 


(A) heat (B) dislocations (C) low density (D) stress direction 


Although point defects do contribute to the discrepancy in strengths, 
the major reason for the difference is the presence of dislocations. 


The answer is (B). 


MATERIALS SCIENCE-57 


The ease with which dislocations are able to move through a crystal under stress 
accounts for which of the following? 


I. ductility 


II. lower yield strength 
III. hardness 
(A) I only (B) II only (C) III only (D) I and II 


The ease with which dislocations move through a crystal accounts for 
its ductility and lower yield strength. 


). 


The answer is (D 
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MATERIALS SCIENCE-58 

As the amount of slip increases, additional deformation becomes more difficult 
and decreases until the plastic flow finally stops. Slip may begin again only if a 
larger stress is applied. What is this phenomenon known as? 


(A) cooling (B) crowding 
(C) strain hardening (D) twinning 


This is known as strain hardening. 


MATERIALS SCIENCE-59 
Which word combination best completes the following sentence? 


“Plastic deformation of a single crystal occurs either by —— or 
by ———, but _______ is the more common method.” 


(A) bending; compression; bending 

(B) shearing; compression; compression 

(C) slip; twinning; slip 

(D) twinning; slip; twinning 
Bending, compression, and shear are elastic phenomena. Slip is a 
more common method of plastic deformation than twinning. 


The answer is (C). 


MATERIALS SCIENCE-60 

Which one of these statements is true for twinning? 

(A) It occurs at lower shear stresses than slip. 

(B) It is the most significant form of plastic deformation. 

(C) It cannot be caused by impact or thermal treatment. 

(D) It frequently occurs in hexagonal close-packed structures. 


Options (A), (B), and (C) are false. Twinning requires a relatively 
high shear stress, is much less common than slip, and can be caused 
by impact or thermal treatment. It occurs in hexagonal close-packed 
crystal structures. 


The answer is (D). 
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MATERIALS SCIENCE-61 

purity defects in a material? o 
(A) plastic deformation 

(B) slow equilibrium cooling 

(C) quenching 

(D) increasing the temperature (which increases atomic energy) 


Slow equilibrium cooling is used to reduce variations in the material. 


The answer is (B). 


MATERIALS SCIENCE~-62 
Which of the following are true statements about the modulus of elasticity, E? 


(A) It is the same as the rupture modulus. 

(B) It is the slope of the stress-strain diagram in the linearly elastic region. 
(C) It is the ratio of stress to volumetric strain. 

(D) Its value depends only on the temperature of the material. 


The modulus of elasticity is equal to the ratio of stress to strain for a 


particular material. It is the slope of the stress-strain diagram in the 
linearly elastic region. 


The answer is (B). 
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MATERIALS SCIENCE-63 
What is the modulus of elasticity, E, for a composite material in which the fibers 
take up 20% of the total volume and the load is applied parallel to the fibers as 


shown? 


Efber = 1.38 X 10° Pa 
Ematrix = 3-45 X 10° Pa 


matrix 


fiber 


(A) 2.76x10?° Pa (B) 2.95x10!° Pa (C) 1.38x10!! Pa (D) 3.45x10!! Pa 


The matrix and fibers experience the same strain, e. The total stress, 
g, is the sum of the stresses carried by the fibers and the matrix. 


o = EyeVs + Eme(1 — V7) 
Vy is the fraction of the total volume taken up by the fibers. Thus, 
E= - = EyV; + En (1 — V9) 
= (1.38 x 101! Pa)(0.2) + (3.45 x 108 Pa)(1 — 0.2) 
= 2.76 x 10!" Pa 


MATERIALS SCIENCE-64 
What is the proper relationship between the modulus of elasticity, Æ, the Poisson _ 
ratio, v, and the bulk modulus of elasticity, K? 
(A) B= K(1=2v) (B) E=K(1-v) 


(C) E=; an (D) E =3K(1- 2) 
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For an element in triaxial stress, the unit volume change can be ob- 
tained from Hooke’s law. The resultant equation is given by option 


(D). 


). 


The answer is (D 


MATERIALS SCIENCE-—65 
A crystal is subjected to a tensile load acting along its axis. a is the angle 


between the tensile axis and the slip plane as shown. At what value of a will 
the shear stress in the slip plane be a maximum? 


F 


ia nalla axis 


slip plane 


(A) 0° (B) 30° (C) 45° (D) 60° 
The component of force along the shear surface is equal to F cosa. 


The area of the shear surface, A,, is related to the cross-sectional 


area, A, by A, = A/sina. 
T= = sin @ cos Q 
= a C 


F cosa 
A 


sina 
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a = E3 


MATERIALS SCIENCE 9-35 


Taking the first derivative and setting it equal to zero, 


2 = (4) (cos* a — sin? a) = 0 
æ 
cos? a — sin? a = 0 


cosa = sing 


a= 45° 


MATERIALS SCIENCE-—66 


An axial stress oy = F/A is applied as shown. Calculate the resolved shear 
stress, Ty, along the slip plane. 


Ty 


slip direction Ox 


normal line 
to slip plane 


slip plane 


1 i V2 3 
(A) y= 172 (B) 7 = 972 (C) ty = 3% (D) y = qo 


Ty 


ll 


F 
(3) sin 60° cos 30° 


AA 


The answer is (D). 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.cem 


& z ae = 2 + . 


9-36 1001 SOLVED ENGINEERING FUNDAMENTALS PROBLEMS 
MATERIALS SCIENCE-67 


If G is the shear modulus, b is the magnitude of the Burgers vector, and r is 
half the distance between particles, what is the local stress, T, required to bend 
dislocations around a particle? 


(a) 2 (B) Gir O m & 


Line tension is given by + = 2T/bl. T = Gb? and | = 2r. Therefore, 
T= Gb/r. 


The answer is (A). 


MATERIALS SCIENCE-68 


Given that d is the distance between dislocations and b is the magnitude of the 
Burgers vector, what is the expression for the misorientation angle @ of a tilt 
boundary? 


d 


(A) sind = 5 (B) tan = 


Qo 
Ro 
SIA 


(C) 0 = (D) 0 = 


By definition, tan = b/d. 


The answer is (B). 


MATERIALS SCIENCE-69 
In general, what are the effects of cold working a metal? 


(A) increased strength and ductility 
(B) increased strength, decreased ductility 
(C) decreased strength and ductility 
(D) decreased strength, increased ductility 


The strength of the metal will increase at the expense of a loss in 
ductility. 


The answer is (B). 
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MATERIALS SCIENCE-70 


Which of the following does cold working a metal cause? 


(A) 


elongation of grains in the flow direction, an increase in dislocation density, 
and an overall increase in energy of the metal 

elongation of grains in the flow direction, a decrease in dislocation density, 
and an overall decrease in energy of the metal 

elongation of grains in the flow direction, a decrease in dislocation density, 
and an overall increase in energy of the metal 

shortening of grains in the flow direction, a decrease in dislocation density, 
and an overall decrease in the energy of the metal 


Cold working a metal produces elongations of grains coupled with 
increases in both dislocation density and energy. 


The answer is (A). 


MATERIALS SCIENCE-71 
Which of the following statements is FALSE? 


(A) 


(B) 


(C) 


(D) 


The amount or percentage of cold work cannot be obtained from informa- 
tion about change in the area or thickness of a metal. 


The process of applying force to a metal at temperatures below the tem- 
perature of crystallization in order to plastically deform the metal is called 
cold working. 


Annealing eliminates most of the defects caused by the cold working of a 
metal, 


Annealing reduces the hardness of the metal. 


The percentage of cold work can be calculated directly from the re- 


The answer is (A). 
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MATERIALS SCIENCE-72 


Which of the following statements is FALSE? 

(A) There is a considerable increase in the hardness and the strength of a cold- 
worked metal. 

(B) Cold working a metal significantly reduces its ductility. 

(C) Cold working causes a slight decrease in the density and electrical conduc- 
tivity of a metal. 

(D) Cold work decreases the yield point of metal. 


Cold working increases the yield point as well as the strength and 
hardness of metal. 


The answer is (D). 


MATERIALS SCIENCE-73 


Which of the following statements is FALSE? 

(A) Hot working can be regarded as the simultaneous combination of cold work- 
ing and annealing. 

(B) Hot working increases the density of the metal. 


(C) One of the primary goals of hot working is to produce a fine-grained prod- 
uct. 


(D) Hot working causes much strain hardening of the metal. 


In hot working, the high temperature immediately releases any strain 
hardening that could occur in the deformation of the metal. 


The answer is (D). 
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MATERIALS SCIENCE-—74 

Which of the following is FALSE? 

(A) Grain size is of minor importance in considering the properties of poly- 

crystalline materials. 

(B) Fine-grained materials usually exhibit greater yield stresses than coarse- 
grained materials at low temperatures. 

C) At high temperatures, grain boundaries become weak, and sliding occurs. 

D) Grain boundary sliding is the relative movement of two grains by a shear 
movement parallel to the grain boundary between them. 
Grain size is an important factor to consider in understanding the 
properties of polycrystalline materials because it affects the area and 
length of the grain boundaries. 


The answer is (A). 


MATERIALS SCIENCE-—75 


Which of the following correctly describes atoms located at grain boundaries? 


(A) They are subjected to the same type of interatomic forces that are present 
in the interior atoms of the crystal. 


(B) They are located primarily in highly strained and distorted positions. 


(C) They have a higher free energy than atoms in the undisturbed part of the 
crystal lattice. 


(D) All of the above are correct. 
All are correct statements regarding atoms at the grain boundary. 


The answer is (D). 


MATERIALS SCIENCE-76 


What causes the vinyl interiors of automobiles to crack when subjected to pro- 
longed direct sunlight? 

(A) the volatilization (evaporation) of plasticizers 

(B) repetitive expansion and contraction of the plastic 

(C) oxidation of the plastic by sunlight and oxygen 

(D) all of the above 


All of the statements are true. 
The answer is (D). 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


= = = æ = 2 


9-40 1001 SOLVED ENGINEERING FUNDAMENTALS PROBLEMS 


MATERIALS SCIENCE-77 


Low-density polyethylene undergoes extensive (over 100%) elongation prior to 
rupture, while polystyrene undergoes only 1-2% elongation. What is the main 
reason for this difference? 


(A) The polyethylene is less dense. 

(B) The large styrene groups in the polystyrene prevent slippage. 
(C) More cross-linking occurs in the polystyrene. 

(D) Polyethylene is less crystalline. 


Polystyrene has large styrene groups on the side of its carbon chain. 
These prevent slippage, making the polystyrene brittle. 


The answer is (B). 


MATERIALS SCIENCE-78 


Which of the following describe(s) the modulus of elasticity of an elastomer? 


I. It is directly proportional to the number of cross links in the elastomer. 
II. Its value increases with temperature. 
III. It is directly proportional to the number of double bonds in the chemical 
structure. 
(A) I only (B) II only (C) III only (D) I and II 


Choice III is false, since a double bond prevents rotation along the 
bond, inhibiting elasticity. 


The answer is (D). 


MATERIALS SCIENCE-79 
Which statement(s) describe(s) the glass transition temperature? 


I. It is the temperature at which the rate of volume contraction decreases 
abruptly. 
TI. It is the temperature at which residual stresses in the glass can be 
relieved. 
III. It is the point where the material behaves more like a solid than a 
viscous liquid. 


(A) I only (B) I and II (C) I and II (D) II and III 
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The glass transition temperature is the point at which the free move- 
ment of the glass molecules past each other becomes difficult. The 
glass begins to act like a solid, increasing in specific volume. 


The answer is (C). 


MATERIALS SCIENCE-80 


If the following diagram represents the sintering of the ceramic MgO, what could 
the curves x and y refer to? 


increase in property 


1000 1200 1400 1600 1800 
sintering temperature (°C) 


(A) x = grain size; y = porosity 
(B) z = grain size; y = strength 
(C) x = porosity; y = grain size 
(D) z = strength; y = grain size 
As the sintering temperature increases, the strength of a ceramic will 


increase first and then drop abruptly. The grain size will increase 
linearly with rising temperature. 


The answer is (D). 
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MATERIALS SCIENCE-81 


Of the following inorganic glasses, which have tetrahedral lattice structures? 


SiO3, B203, BeFo, GeO, 
(A) SiOz and B203 
(B) SiOz and BeF% 
(C) SiOz, B203, and BeF', 
(D) SiO2, BeFo, and GeQ, 


SiO2, BeF2, and GeO2 have tetrahedral structures. B203 has an 
almost triangular structure. 


The answer is (D). 


MATERIALS SCIENCE-82 


Which of the following is NOT an important criterion for forming a complete 
binary solid solution? 


(A) The difference in radii should be less than 15%. 

(B) The constituent elements must have the same crystal structure. 
(C) The atoms should be close to one another in the periodic table. 
(D) The difference in atomic numbers should be small. 


All choices except option (D) are criteria for a binary solid solution. 


The answer is (D). 


MATERIALS SCIENCE-83 


How can an ordered solid solution be distinguished from a compound? 


(A) In an ordered solid solution, the solute atoms occupy interstitial positions 
within the lattice. 


(B) The solute atoms in an ordered solid solution substitute for atoms in the 
parent lattice. 

(C) The atoms in an ordered solid solution form layers in the lattice structure. 

(D) When heated, an ordered solid solution becomes disordered before melting. 


Unlike a compound, an ordered solid solution becomes disordered 
when heated. 


The answer is (D). 
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MATERIALS SCIENCE-84 
What is transformed in a eutectoid reaction? 


(A) One liquid is transformed into two solids of different. composition. 
(B) A solid becomes a liquid at the eutectic temperature. 
(C) A liquid becomes a solid at the solidus temperature. 
(D) A solid becomes a liquid at the liquidus temperature. 
In a eutectoid reaction, one liquid is transformed into two different 
solids. 


The answer is (A). 


MATERIALS SCIENCE-85 


Which of the following is the correct representation of a eutectic cooling reaction? 
(The subscripts denote different compositions.) 


(A) (liquid) — (solid), + (solid), 
(B) (solid); + (liquid) — (solid) 
(C) (solid), — (solid) + (solid)3 
(D) (solid), + (solid)2 — (solid)s 


A eutectic reaction is the transformation from one liquid phase to two 
solid phases. 


The answer is (A). 


MATERIALS SCIENCE-86 


Two pieces of copper are brazed together using a eutectic alloy of copper and 
silver. The braze material melts at 780°C. If a second braze is attempted in 
order to attach another piece of copper, which of the following is true? 


(A) The first braze will melt if the braze temperature is again 780°C. 
(B) The braze temperature must be lowered below 780°C. 

(C) The first braze will partially melt, causing the parts to slide. 

(D) The first braze will not melt at 780°C, but the second braze will. 


All compositions of copper and silver other than the eutectic will have 
a melting point higher than the eutectic temperature. The alloy of the 
first braze will dissolve somewhat into the copper pieces, changing its 
composition. It will not melt again at the second braze temperature 


of 780°C. 


The answer is (D). 
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MATERIALS SCIENCE-87 


On an alloy phase diagram, what is the solidus temperature? 

(A) The point at which all solids completely reach the liquid stage. 

(B) The temperature of the liquid phase at which the first solid forms for a 
given overall composition. 

(C) The temperature of the solid phase at which the first liquid forms for a 
given overall composition. 

(D) The temperature at which the solid is at equilibrium. 


The solidus temperature is the temperature at which liquid first 
forms. 


The answer is (C). 


MATERIALS SCIENCE-88 


In this phase diagram, what can be said about the phases present in regions I, 
II, and III? 


temperature 


A composition 
a, @, and y are present in region I. 

f and y are present in region II. 

) a, B, and y are present in region III. 

) a and y are present in region III. 


p and y are present in region II. y is not present in region III, nor is 
Ê present in region I. 


The answer is (B). 
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MATERIALS SCIENCE-89 

Given the following phase diagram, determine the percentage of liquid remaining 
at 600°C that results from the equilibrium cooling of an alloy containing 5% 
silicon and 95% aluminum. 


[2] 
= at liquid 
5 liquid 
oO BOs Qi 
S eoo- Aẹ}-----—- B 11.6% Si 
3 
e fy oe O 
550 
1.4 5 9.1 
Si (%) 
(A) 0.0% (B) 47% (C) 53% (D) 67% 


Use the lever rule. At point A there is 1.4% Si and no liquid, while 
at point B there is 9.1% Si and all liquid. Therefore, 


5% — 1.4% 


percent liquid = 9.1% — 1.4% 


x 100% = 47% 


The answer is (B). 
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MATERIALS SCIENCE-90 


Consider the Ag-Cu phase diagram given. Calculate the equilibrium amount of 
6 in an alloy of 30% Ag, 70% Cu at 850°C. 


1083° 


temperature (°C) 


0 10 20 30 40 50 60 70 80 90 100 
Ag Cu 
Cu (wt %) 


(A) 0.0% (B) 22% (C) 49% (D) 52% 
At 70% Cu, A = 49% Cu and B = 92% Cu. 


% Cu in alloy — % Cu at point A 


percont p = % Cu at point B — % Cu at point A 


x 100% 


_ 70% — 49% 
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MATERIALS SCIENCE-91 


Using the given phase diagram, what are the relative weights of phases a, and 
Q@ for an alloy of 70% B at temperature T}? 


temperature 


0 10 20 30 40 50 60 70 80 90 100 
A B 
B (wt %) 


(A) 10% 1, 90% ag 
(B) 30% a1, 70% ae 
(C) 50% a1, 50% ag 
(D) 70% ai, 30% ae 


Let Wa, denote the weight fraction of a; and Wa, denote the weight 
fraction of a2. From the diagram, Cy, = 25% and Coa = 75%. Then, 


Wa, + Was = 1 
Wa, Ca, ae Wa2Cag = Co 


Solving the two equations using Co = 70%, 


Caa — Co 75%- 70% 


ea d A TO) 
Caa -Ca 75%- 25% a 
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MATERIALS SCIENCE-92 


For 50% B at 1275°C as shown, what is the relative amount of each phase 


temperature (°C} 


0 10 20 30 40 50 60 70 80 90 100 
A B 
B (wt %) 


(A) 40% liquid, 60% solid 
(B) 45% liquid, 55% solid 
(C) 50% liquid, 50% solid 
(D) 60% liquid, 40% solid 


From the phase diagram, C, = 65% and Cz = 40%. With Co given 
as 50%, and denoting the weight fraction of liquid and solid by Wz 
and W,,, respectively, 


W,+W,=1 
WiC, + Wala = Co 


Ca — Co _ 65% — 50% 


~C,—C, 65% — 40% S pua 
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MATERIALS SCIENCE-93 
Which of the following is NOT a structural class of steels? 


(A) carbon 

(B) high-strength, low-alloy 
(C) low-alloy 

(D) tool and die 


“Tool and die” steel is an application class, not a structural class. 


The answer is (D). 


MATERIALS SCIENCE-94 
Which of the following phases of steel has a face-centered cubic structure? 


(A) ferrite (B) cementite (C) pearlite (D) austenite 
Only austenite has a face-centered cubic structure. 


The answer is (D). 


MATERIALS SCIENCE-95 


Low-carbon steels are generally used in the “as rolled” or “as fabricated” state. 


What is the reason for this? 


(A) They come in many different shapes and thicknesses. 

(B) Their strength generally cannot be increased by heat treatment. 
(C) They degrade severely under heat treatment. 

(D) Their chromium content is so low. 


Since their strength cannot be increased by heat treatment, low- 
carbon steels are used as fabricated. 


The answer is (B). 
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MATERIALS SCIENCE—96 


The equilibrium cooling of a steel containing 0.8% carbon results in a product 
with little use because it is extremely brittle. Which of the following is the 
primary reason for this poor characteristic? 


(A) The material has not been cold worked. 

(B) The austenite grains are too small, and the carbide grains are too large. 
(C) Thick layers of iron carbide surround the coarse ferrite grains. 

(D) The carbide forms thin plates that are brittle. 


When hypereutectoid steels are slow cooled, brittle carbide plates are 
formed. 


The answer is (D). 


MATERIALS SCIENCE-—97 


Ductile cast iron and gray cast iron both contain 4% carbon. Ductile cast iron, 
however, has a higher tensile strength and is considerably more ductile. Which 
of the following is the major difference that accounts for the superior properties 
of the ductile iron? 


(A) The gray cast iron contains iron carbide, whereas the ductile iron contains 
graphite. 


(B) The gray cast iron contains flakes of graphite, whereas the ductile iron 
contains spheroids of graphite. 


(C) The ductile iron is tempered to give better properties. 

(D) The ferrite grains in the gray cast iron are excessively large. 
Gray cast iron contains flakes of graphite while ductile cast iron con- 
tains spheroids. The difference in the shape of the graphite gives 
the ductile cast iron approximately twice the tensile strength and 20 
times the ductility of the gray cast iron. 


The answer is (B). 
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MATERIALS SCIENCE-98 

In preparing a metallographic iron specimen, the grain boundaries are made 
most visible by which of the following steps? 

(A) grinding the sample with silicon carbide abrasive 

(B) polishing the sample with Al203 

(C) mounting the sample in an epoxy resin mold 

(D) etching the sample in a 2% solution of nitric acid in alcohol 


Etching the specimen with nitric acid in alcohol dissolves metal from 
the surface and preferentially attacks the grain boundaries. It is the 
last step in the sample preparation process. 


The answer is (D). 


MATERIALS SCIENCE-—99 


Which of the following statements is FALSE? 

(A) Low-alloy steels are a minor group and are rarely used. 

B) Low-alloy steels are used in the heat-treated condition. 

C) Low-alloy steels contain small amounts of nickel and chromium. 


D) The addition of small amounts of molybdenum to low-alloy steels makes 
it possible to harden and strengthen thick pieces of the metal by heat 
treatment. 


( 
( 
( 


Low-alloy steels are one of the most commonly used classes of struc- 
tural steels. 


The answer is (A). 


MATERIALS SCIENCE-100 
Which of the following statements is FALSE? 


(A) High-strength, low-alloy steels are not as strong as nonalloy, low-carbon 
steels. 
(B) Small amounts of copper increase the tensile strength of steels. 


(C) Small amounts of silicon in steels have little influence on toughness or 
fabricability. 


(D) Addition of small amounts of silicon to steel can cause a marked decrease 
in yield strength of the steel. 
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Addition of small amounts of silicon to steel increases both the yield 
strength and the tensile strength. 


MATERIALS SCIENCE-101 


Which of the following statements is FALSE? 
(A) Stainless steels contain large amounts of chromium. 


(B) There are three basic types of stainless steels: martensitic, austenitic, and 
ferritic. 


(C) The nonmagnetic stainless steels contain large amounts of nickel. 
(D) 


Stabilization of the face-centered cubic crystal structure of stainless steels 
imparts a nonmagnetic characteristic to the alloy. 


There are only two basic types of stainless steels: magnetic (marten- 
sitic or ferritic) and nonmagnetic (austenitic). 


The answer is (B). 


MATERIALS SCIENCE-102 


For a completely corrosion-resistant stainless steel, what minimum percentage 
of chromium in the alloy is required? 


(A) 1.1% (B) 3.2% (C) 8.3% (D) 11% 


For complete corrosion resistance, the chromium content must be at 
least 11%. 


The answer is (D) 
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MATERIALS SCIENCE-103 


Which of the following would most likely require a steel containing 0.6% carbon 
that has been spheroidized, cold-drawn, and slightly tempered? 

(A) a bridge beam 

(B) a water pipe 

(C) a cutting tool 

(D) a ball bearing 


A hypoeutectoid steel that has been worked using the above process 
has good strength and excellent toughness. A cutting tool undergoes 
tremendous stress loads due to the relatively small contact area. It 
requires a stronger material than do the other objects. 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


= 5 a $ = > a 


www.circuitmix.com 


aeeiiaii 


i MECHANICS 
1 0 OF MATERIALS 


Where do stress concentrations occur? 


I. near the points of application of concentrated loads 
II. along the entire length of high distributed loads 
Ill. at discontinuities 


(A) I and II (B) I and III (C) IandI (D) I, I, and II 


Stress concentrations occur under concentrated loads and at discon- 
tinuities, not under distributed loads. 


The answer is (B). 


MECHANICS OF MATERIALS-2 


What is the definition of normal strain, e? (6 is elongation, and L is the length 
of the specimen.) 


(A) €e = —— Mes («=r 5 (D) e= $ 


Strain is defined as elongation per unit length. 
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MECHANICS OF MATERIALS-3 


The column shown has a cross-sectional area of 13 m?. What can the approxi- 
mate maximum load be if the compressive stress cannot exceed 9.6 kPa? 


(A) 120 kN (B) 122 kN (C) 125 kN (D) 130 kN 


The equation for axial stress is 


It 
by 


a 
F 


il 
oo 


E 
=124.8 kN (125 kN) 


The answer is (C). 


MECHANICS OF MATERIALS-4 


A copper column of annular cross section has an outer diameter, dz, of 5 m, and 
is subjected to an axial loading of 200 kN. The allowable compressive stress is 
14.4 kPa. The wall thickness, t, should be most nearly 


(A) 0.5 m (B) 0.8 m (C) 1m (D) 2m 
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For axial stress, 


c= F 
A 
Then, 
B ~ (4)(200 kN) 
T (144 =) 
ma 
=2.7m 
Therefore, 


d — dı _öm=2.7m 
7 2 
The answer is (C). 


MECHANICS OF MATERIALS-5 


What is most nearly the stress at surface S of the cylindrical object shown? The 
specific weight of the material is y = 76.9 kN/m?. 


=1.15m (1m) 


F=15kN 


0.5m 


(A) 100 kPa (B) 150 kPa (C) 200 kPa (D) 250 kPa 
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The stress at surface S is due to the weight of the material above it 
in addition to the force F. The total load is 


Foa =W+F=W +F 


kN\ (7 in) 2 ye 
= (759 =) (3) (0.3 m)(0.5 m) +15 kN 
= 17.72 kN 


y= Fiotat _ __17.72 KN 


A (=) (0.3 m)? 


= 250.7 kN/m? (250 kPa) 


MECHANICS OF MATERIALS-6 


Considering the stress-strain diagram for aluminum, which point is the fracture 
point? 


(A) A (B) B (c) Cc (D) D 


Point D is where fracture occurs. 


The answer is (D). 
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MECHANICS OF MATERIALS-—7 


In a stress-strain diagram, what is the correct term for the stress level at € = 0.2% 
offset? 

(A) the elastic limit 

(B) the plastic limit 

(C) the offset rupture stress 

(D) the offset yield stress 


This is known as the offset yield stress. 


The answer is (D) 


MECHANICS OF MATERIALS-8 


Consider this stress-strain diagram for a carbon steel in tension. Determine the 
region of perfect plasticity or yielding. 


| 
l 
| 
| 
| 
l 
| 
| 
l 
D 


mPre-—— MM 
Ol—----—--—-—---- 


l 
l 
| 
| 
| 
i 
| 
A 


(A) O to A (B) A to B (C) BtoC (D) Cto D 


The plastic region is between points A and B. O to A is known as the 
linear region, B to C is where strain hardening occurs, and C to D is 
where reduction in area occurs. 


The answer is (B). 
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MECHANICS OF MATERIALS-9 
Under which type of loading does fatigue occur? 


(A) static load (B) plane load 
(C) high load (D) repeated load 


Fatigue occurs under repeated loading cycles. 


(D) 


The answer is 


MECHANICS OF MATERIALS-—10 


A specimen is subjected to a load. When the load is removed, the strain dis- 
appears. From this information, which of the following can be deduced about 
this material? 


(A) It is elastic. 

(B) It is plastic. 

(C) It has a high modulus of elasticity. 
(D) It does not obey Hooke’s law. 


By definition, elasticity is the property of a material by which it 
returns to its original dimensions during unloading. 


The answer is (A). 


MECHANICS OF MATERIALS-11 
Which of the following may be the Poisson ratio of a material? 
(A) 0.35 (B) 0.52 (C) 0.55 (D) 0.60 


The Poisson ratio must be in the range 0 < v < 0.5. Option (A) is 
the only answer that satisfies this condition. 


The answer is (A). 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


a “ = a 


MECHANICS OF MATERIALS 10-7 
MECHANICS OF MATERIALS-12 


A 2 m long aluminum bar (modulus of elasticity = 70 GPa) is subjected to a 
tensile stress of 175 MPa. Find the elongation. 


(A) 3.5 mm (B) 5.0 mm (C) 7.5 mm (D) 9.0 mm 


From Hooke’s law, 


7_9 
‘“=E L 
N 
å 6 +N 
ok (175 x 10 Z) em) 
-Z -> Te 


, -N 
70 x 10° =5 
m 


=0.005m (5.0 mm) 


MECHANICS OF MATERIALS-13 


A 600 mm tall thin plate is placed in tension by a 5000 kN force as shown. What 
is the height (y direction) of the plate while tension is applied? The modulus 
of elasticity, Æ, is 200 GPa, and Poisson’s ratio, v, is 0.3. Assume the load is 
distributed uniformly across the plate and the yield strength is not exceeded. 


600 mm 


= section A-A 
F = 5000 kN 


(A) 599.7 mm (B) 599.9 mm (C) 600.2 mm (D) 600.5 mm 
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The Poisson ratio is defined as the negative ratio of lateral strain, €y, 
to axial strain, €s. Using this and the equation for axial stress and 


strain, 
v= -28 
Eg 
Ey = —V Eg i 
age _ F E 


vF ___(0.3)(5000 kN) 

(200 x 108 =) (0.015 m?) 
= —0.0005 

Therefore, the width while the plate is in tension is 


w = 600 mm — ôy 
= 600 mm — (0.0005)(600 mm) 
= 599.7 mm 


The answer is (A). 


MECHANICS OF MATERIALS-14 


What is most nearly the lateral strain, €y, of the steel specimen shown if Fy = 
3000 kN, E = 193 GPa, and v = 0.29? 


(A) —4 x 1074 (B) -1 x 1074 (C) 1x 10-4 (D) 4x 10-4 
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MECHANICS OF MATERIALS 


From Hooke’s law and the equation for axial stress, 


e Og Fr 3000 kN 
s= A 7... IN 
E EA 193 x 108 =; (0.04 m?) 
mí, 
= 3.89 x 1074 


Use Poisson’s ratio. 


€y = —VEx = —(0.29)(3.89 x 1074) 
—1.13 x 1074 (—1 x 107‘) 


The answer is (B). 


MECHANICS OF MATERIALS-15 


10-9 


A steel specimen is subjected to a tensile force, F, of 2000 kN. If Poisson’s ratio, 
v, is 0.29 and the modulus of elasticity, Æ, is 193 GPa, the dilatation, e, is most 


nearly 


0.25 m 


(A) 6.5x 1075 (B) 8.8x1075 (C)88x10-* (D) 65x 10-4 


Dilatation is defined as the sum of the strain in all three coordinate 
directions. In the axial z direction, 


e= oy = 7 ed xt 
(193 x 108 =) (0.049 m2) 
m 
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Ez € 
yV = —— -2 
Ez €z 
Ez = Ey = —VEz 


= —(0.29)(2.1 x 1074) 
= —6.09 x 1075 


Therefore, 


€ = Eg + €y + €z 
= (2.1 x 1074) + (2)(—6.09 x 1075) 
= 8.82x 107" (8.8 x 1075) 


MECHANICS OF MATERIALS-16 


Given a shear stress of Tey = 35000 kPa and a shear modulus of G = 75 GPa, 
the shear strain is most nearly 


(A) 2.5 x 1075 rad (B) 4.7 x 1074 rad 
(C) 5.5 x 1074 rad (D) 8.3 x 1074 rad 


Hooke’s law for shear gives 


kN 

wa Ten _ 35000 3 
G75 x 108 KN 

= 


=4.67x 1074 rad (4.7 x 1074 rad) 
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MECHANICS OF MATERIALS-17 


A 150 mm diameter rivet resists a shear force of V = 8 KN. Find the average 
shear stress in the rivet. 


“150 mm 
(A) 230 kPa (B) 370 kPa (C) 430 kPa (D) 450 kPa 


| 8 KN 
7 (5) (0.150 m)? 


The answer is (D). 


MECHANICS OF MATERIALS~18 


A steel bar carrying a 3000 kN load, F, is attached to a support by a round pin 
0.3 m in diameter. What is most nearly the average shear stress in the pin? 


= 452.7 kN/m? (450 kPa) 


Z 


(A) 10 MPa (B) 12 MPa (C) 21 MPa (D) 25 MPa 
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The pin will shear on two cross sections. 


a = P e a =21221 kN/m? (21 MPa) 
(2) (4) (0.3 m)? 


MECHANICS OF MATERIALS-19 


What is most nearly the maximum allowable load, F, if the factor of safety is 
1.5 and the compressive yield stress, Gyieia, is 20670 kPa? 


F 
125 mm 
125 mm 
125 mm 
(A) 220 kN (B) 240 kN (C) 300 kN (D) 420 kN 
Tallowable = “ges 
20670 = 
= ———™ = 13780 kN/m? 
1.5 
F = GatiowableA 
= | 13780 =) (0.125 m)? 


=215.3 kN (220 kN) 


The answer is (A). 
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MECHANICS OF MATERIALS-20 


The allowable tensile stress for a 6.25 mm diameter bolt with a thread length 
of 5.5 mm is 207 MPa. The allowable shear stress of the material is 103 MPa. 
Where and how will such a bolt be most likely to fail if placed in tension? 
(Assume threads are perfectly triangular and that the force is carried at the 
mean thread height.) 

(A) at the root diameter due to tension 

(B) at the threads due to shear 

(C) at the root diameter due to shear 

(D) at the threads due to tension 


The bolt will most likely fail due to shearing of the threads or due to 
tensile failure of the bolt diameter. 


Fantowable,thread = Tallowable (average shear area) 
= Tallowable (gxdh) 
kN 
= (103 000 =) (47) (0.006 25 m)(0.0055 m) 
= 5.56 kN 
Fallowable,root = Tallowable (FOOt area) 
kN\ (7 2 
a (207 000 = (=) (0.00625 m) 
= 6.35 kN 


The shear stress in the threads will exceed the allowable stress before 
the tensile load becomes excessive. 


The answer is (B). 


MECHANICS OF MATERIALS—21 


Hexagonal nuts for 6.25 mm diameter bolts have a height of 5.5 mm. If the 
ultimate strength of the nut material in shear is 103 MPa, what is most nearly 
the maximum allowable shear force on the nut threads using a safety factor of 5? 


(A) 0.72 kN (B) 0.8 kN (C) 1.0 kN (D) 1.1 kN 
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T 
Tallowable = SF 


5 
= 20600 kN/m? 
V = TallowableA = Tallowable (rdh) 


= (2 600 =) (47r) (0.006 25 m) (0.0055 m) 


kN 
103000 = 
=e M 


=1.11kN (1.1 KN) 
The answer is (D). 


MECHANICS OF MATERIALS-22 


Determine the total length, L, of the fillet weld for the lap joint shown. The 
weld has to resist a tension, F', of 500 KN. The effective throat for the weld, h, 
is 12 mm, and the allowable stress is 145 MPa. 


500 kN 500 kN 
Bosen, Sanasi — 


(A) 247 mm (B) 252 mm (C) 287 mm (D) 312 mm 


For a fillet weld, the average normal stress is 


O F 
"SRL 
P 500 kN 
e (15 000 =) (0.012 m) 
m 


=0.287 m (287 mm) 


The answer is (C). 
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MECHANICS OF MATERIALS-23 


What is most nearly the elongation of the aluminum bar (cross section of 3 cm x 
3 cm) shown in the figure when loaded to its yield point? E = 69 GPa, and 
Tyield = 255 MPa. Neglect the weight of the bar. 


(A) 3.3 mm (B) 9.3 mm (C) 12 mm (D) 15 mm 
From Hooke’s law, the axial strain is 


o 255 10° Pa 
=a ok Pa O 


The total elongation is 
ô = eL = (0.0037)(2.5 m) = 0.00925 m (9.3 mm) 


The answer is (B). 


MECHANICS OF MATERIALS-24 


What is most nearly the total elongation of the rod shown if E = 69 GPa? 
Neglect bending. 


Z 


D; = 300 mm 


£ end view 
D, = 150 mm — ly = 7E m 


side view 


(A) 0.01 mm (B) 0.05 mm (C) 0.2 mm (D) 1.2 mm 
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5, = 2n Fe F(h bb 
tta EA: EAs E\A, A 


_4F (Li, be 
mE \D? D2 


(4)(27 KN) _ (GS, 1.75 m ) 
a ¢ x108 5) (0.3m)? (0.15 m)? 


=5.26 x10 "m (0.05 mm) 


The answer is (B). 


MECHANICS OF MATERIALS-25 


What is most nearly the total elongation of this composite body under a force 
of 27 kN? E, = 70 GPa, and Ez = 100 GPa. 


F=175kN 


D, = 0.06 m end view 
D, = 0.12m 
side view 
(A) 0.075 mm (B) 0.73 mm (C) 1.2 mm (D) 3.0 mm 
Total elongation is the elongation of section 1 plus the elongation of 
section 2. 
FL F Lz 
boa = br +62 = e H 
total = 51 + da AE, Ai 
(175 kN)(0.5 m) (175 kN)(1.0 m) 
=m ol N t m L oof. END 
—)(0. 2{70x 106 2 IN (0: 2 6e 5 
(3) (0.12 m) (70 x 10 =7) (=) (0.06 m) (00 x 10 =" 


=7.29x 10-4 m (0.73 mm) 
The answer is (B). 
PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


a p oi = ad 


MECHANICS OF MATERIALS 10-17 


MECHANICS OF MATERIALS—26 


A 200 m cable is suspended vertically. At any point along the cable, the strain 
is proportional to the length of the cable below that point. If the strain at the 
top of the cable is 0.001, determine the total elongation of the cable. 


(A) 0.050 m (B) 0.10 m (C) 0.15 m (D) 0.20 m 


Since the strain is proportional to the cable length, it varies from 0 at 
the end to the maximum value of 0.001 at the supports. The average 


strain is 
E Emax _ 0.001 
ave ~~ 9 = 9 
= 0.0005 


The total elongation is 


5 = Cave L = (0.0005)(200 m) 
= 0.10 m 


The answer is (B). 


MECHANICS OF MATERIALS~—27 


The figure shows a two-member truss with a load F = 50000 kN applied stat- 
ically. Given that Lı = 1.2 m, L = 1.5 m, and each member’s cross-sectional 
area, A, is 4000 mm?, what is most nearly the elongation of member AB after 
F is applied? Use E = 200 GPa. 


(A) —59 mm (B) —48 mm (C) —36 mm (D) ~23 mm 
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Ly 


Rap = F cos = F 


_ (50000 kN)(1.5 m) 
Jaami (1.5 mye 
Fas = —Rap = —39043 kN 


= 39043 kN [AB is in compression] 


SaR = Fagli _ (—39 043 kN)(1.2 m) 
BA (200 x 106 =) (0.004 m?) 


= —0.0586 m (—59 mm) 


The answer is (A). 


MECHANICS OF MATERIALS-28 


The two bars shown are perfectly bonded to a common face to form an assembly. 
The bars have moduli of elasticity and areas as given. If a force of F = 1300 kN 
compresses the assembly, what is most nearly the reduction in length? 


F 


E, = 207 GPa 
A = 6500 mm? 


E, = 200 GPa 
| A, = 7700 mm? 


uncompressed 
length = 3m 


F 
(A) 1.2 mm (B) 1.4mm (C) 1.5 mm (D) 1.6 mm 
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From the principle of compatability, both bars are compressed the 
same length. 


Since €] = €9, 


a) pee 
Aik, Age 
r= (G3) m 
From a force balance, 
Fy + Fz = 1300 kN [IT] 


Fı = 1300 kN — Fo 
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Combining equations I and II, 


1300 kN — Fh = (23) Fy 


1300 kN 


L (6500 mmĉ)(207 GPa) 


606.2 kN 
606.2 kN 
(0.0065 m?) (207 x 106 =) 


= 4.51 x 1074 
6 = eL = (4.51 x 1074)(3 m) 
= 0.00135 m (1.4 mm) 


E = 


The answer is (B). 


MECHANICS OF MATERIALS-29 


A rigid weightless bar is suspended horizontally by cables 1 and 2 as shown. 
The cross-sectional areas of the cables are given in the figure. The modulus of 
elasticity, Æ, is the same for both cables. If a concentrated load of F = 1500 kN 
is applied between points A and B, what is most nearly the distance, x, for the 
bar to remain horizontal? 


cable 2 


cable 1 
LE A, = 1300 mm? 
Az = 650 mm? o 
F =1500kN ERS 


Az 1000 mm 
600 mm 


(A) 1300 mm (B) 1600 mm (C) 1900 mm (D) 2300 mm 
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1500 kN F, 


From the free-body diagram, taking moments about point B gives 


XC Me = 0 = (1500 kN) — (3000 mm) F; 
(1500 kN)a = (3000 mm)F; 
mm > 
z= (2 N) m 


From a vertical force balance, 


F, + Fa = 1500 kN [Ér] 


For the bar to remain horizontal, the deflection of cable 1 must equal 
the deflection of cable 2. 


5, = be 
Fil, _ Fol, 
EA EA, 
p, — Z241 p, _ (1000 mm)(1300 mm?) 
1 LiAz ° (600 mm)(650 mm?) ? 
= 3.33F) [mr 


Solving equations II and III simultaneously, 


3.33 Fz + Fz = 1500 kN 
4.33.F5 = 1500 kN 
Fy = 346.4 kN 

F, = 1153.6 kN 
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mm 
o=(255)F 
mmn ` 
= (2 oy) (1153.6 kN) 


= 2307 mm (2300 mm 


MECHANICS OF MATERIALS-30 


A prismatic bar at 10°C is constrained in a rigid concrete wall at both ends. 
The bar is 1000 mm long and has a cross-sectional area of 2600 mm?. What is 
most nearly the axial force in the bar if the temperature is raised to 40°C? 


A= 2600 mm2 


1000 mm 


E = modulus of elasticity 
= 200 GPa 

« = coefficient of thermal expansion 
= 9.4 x 10-§PC 


(A) 116 kN (B) 125 kN (C) 134 kN (D) 147 kN 
Elongation due to temperature change is given by 


§ = aL(T, —T,) 


= (o4 x 1078 5) (1000 mm) (40°C — 10°C) 


= 0.282 mm 


Elongation is 


FL 
4 EA 
é £ Gre A2 
pa EA (0.000 282 m) (200 x 10 =) Oem) 
S bo lm 


The answer is (D). 
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MECHANICS OF MATERIALS-31 


What is most nearly the maximum axial load, F', that can be applied to the wood 
post shown without exceeding a maximum shear stress of 1650 kPa parallel to 
the grain? 


100 mm 


(A) 22 kN (B) 33 kN (C) 44 kN (D) 57 kN 


The length of the diagonal parallel to the grain, d, (part of a 3-4-5 
triangle) is 


d= (5) (3) 


(4) 


d= G) (100 mm) = 125 mm (0.125 m) 
The area of the inclined plane is 
A = (0.125 m)(0.100 m) = 0.0125 m? 


The total shear on the plane is 


V=rA= (1650 Z) (0.0125 m?) = 20.63 kN 
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(4) 


The horizontal component of the shear is 


V, = (3) (20.63 KN) = 16.5 kN 


Draw the free-body diagram of the upper section. Include the normal 


compressive force. r 


Ny v 


Balancing the z-components, 


Ns = ÈN = V; 
BN = 16.5 kN 


N= (3) (16.5 KN) = 27.5 kN 


Balancing the y-components, 


The answer is (A). 
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MECHANICS OF MATERIALS—32 


The shear strain, €, along a shaft is 
do 
€=r— 


dr 
r is the radius from the shaft’s centerline, and dé/dx is the change of the angle 
of twist with respect to the axis of the shaft. Which condition is NOT necessary 
for the above equation to be valid? 
(A) The area of interest must be free of connections and other load applications. 
(B) The material must be isotropic and homogeneous. 
(C) The loading must result in the stress being a torsional couple acting along 

the axis. 

(D) r must be the full radius of the shaft. 


The equation may be evaluated for any value of r, giving the stress 
distribution over the shaft cross section. 


The answer is (D). 


MECHANICS OF MATERIALS-33 


A 3 m diameter bar experiences a torque of 280 N-m. What is most nearly the 
maximum shear stress in the bar? 


(A) 2.2 Pa (B) 31 Pa (C) 42 Pa (D) 53 Pa 
Maximum shear stress occurs at the outer surface. 


The equation for shear gives 


" r($) (280 N-m) (=) 


=52.8N/m? (53 Pa) 
The answer is (D). 
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MECHANICS OF MATERIALS-34 


What is most nearly the angle of twist, ¢, for the aluminum bar shown? The 
shear modulus of elasticity, G, is 26 GPa. 


= 11kN-m 


d=0.6m 


(A) 0.000 55° (B) 0.0055° (C) 0.032° (D) 0.082° 


The angle of twist is given by 
P TL _ (11 kN-m)(17 m) 
GI kN T 
6e (Z 4 
(2 x 10 =) (=) (0.6 m) 


TT 


180° 
= (0.000 565 rad) ( =) 


= 0.032° 


The answer is (C). 
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MECHANICS OF MATERIALS-—35 


What torque, T, should be applied to the end of the steel shaft shown in order 
to produce a twist of 1.5°? Use G = 80 GPa for the shear modulus. 


L=1.0m 


outside inside 
diameter diameter 
= 50 mm = 30 mm 
(A) 420 N:m (B) 560 N-m (C) 830 N-m (D) 1100 N-m 
Converting the twist angle to radians and calculating the polar moment of 
inertia J, 
2m rad 
= (1.5° =0. 
ġ= (1.5 ( 360° ) 0.026 rad 
rı = 0.015 m 
rq = 0.025 m 
T T 
J= 5 (r-ri) = (3) (0025 m)‘ — (0.015 my‘) 
= 5.34 x 1077 mî 
GJ 
sale 


(s0 x 109 3) (5.34 x 1077 mî) 


TT (0.026 rad) 


= 1110 Nem 


(1100 N-m) 
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MECHANICS OF MATERIALS-36 


Determine the maximum torque that can be applied to the shaft, given that the 
maximum angle of twist is 0.0225 rad. Neglect bending. 


section 1 


section 2 


(A) 0.000 62572 (B) 0.050072 
(C) 0.25072 (D) 0.52572 
The angle of twist is 
ga 
~ GF 


J for a circular bar of diameter d is 1/27r4 = 1/se7d*. The total angle 
of twist, total, is equal to the sum of the angles of twist for the two 
different sections. The torque is the same for both sections. 


Ptotal = $1 + Q2 


_ T(2L) P TL 
— Gh Cds 


_ (2TL\ (2,1 
AG) Mat a 


322TL 2 1 
7 ( 7G ) (wax j Ta) 
36TL 
~ EG 
_ TGdtota _ ™G(0.0225 rad) 


36L 36L 


n an TG 
= 0.000 625-77 


The answer is (A). 
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MECHANICS OF MATERIALS-37 


For the given shaft, what is most nearly the largest torque that can be applied 
if the shear stress is not to exceed 110 MPa? 


r = 0.015 m 
n = 0.025 m 


(A) 1700N-m (B) 1900N-m (C) 2400N-m (D) 3400 N-m 


Since the shear stress is largest at the outer diameter, the maximum 
torque is found using this radius. 


For an annular region, 
T T 
J=34-ri)= (3) ((0.025 m)* — (0.015 m)*) 
= 5.34 x 1077 mî 
(5.34 x 1077 m)4 (110 x 108 =) 


Tag 


i 0.025 m 
= 2350 N-m (2400 N-m) 


The answer is (C). 
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MECHANICS OF MATERIALS-38 

A hollow circular bar has an inner radius rı and an outer radius rz. If r1 = re /2, 
most nearly what percentage of torque can the shaft carry in comparison with a 
solid shaft? 


(A) 25% (B) 55% (C) 75% (D) 95% 


The equation for torsional stress is 


at 
al 

Jan 
F 


For the hollow shaft, 


For the solid shaft, 
APE, 
Ti = T2 

T, = (5) 
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Therefore, 


4 4 
Th iJ (5) (2 T2 a ) 
T, 


16 
=0.94 (95%) 


The answer is (D). 


MECHANICS OF MATERIALS-39 


What is the minimum solid shaft diameter that can be used for the rotor of a 
4.5 kW motor operating at 3500 rpm, if the maximum shear stress for the shaft 
is 60 MPa? 


(A) 1.2 mm (B) 2.1 mm (C) 10 mm 


The relationship between the power, P, transmitted by a shaft and 


the torque, T, is a 
an 
P = =~ 

30 
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10-32 
n is in rpm, T is in N-m, and P is in W. Rearranging to solve for T, 


30P _ (30)(4500 W) _ 4508 Num 


t= = h 
mn r (3500 =) 
` MIn 
r,.- it _ fa 
max =F = FF 
j= Td TË 
2Tmax 32 


Therefore, 
1/3 


(16)(12.28 N-m) 


N 
T (0 x 106 =r) 


i 


så 1/3 
a=( 32T ) 


21 Tmax 


= 0.0101 m (10 mm) 


The answer is (C). 


MECHANICS OF MATERIALS—40 
A beam supports a distributed load, w, as shown. Find the shear force at x = 2m 


from the left end. 


L=10m 


(A) 11 kN (B) 12 kN (C) 13 kN (D) 15 kN 
The reactions at A and B are found by observation from symmetry 


to be Ra = Rg = 25 kN. 
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50 kN 


Ra Rg 
Ra = Rp = 25KN 


Sectioning the beam at z = 2 m, the free-body diagram with shear 
force is 


10 kN V 


25 KN 


>> Fy =0 
25 kN — 10 kN- V =0 kN 
V =25 kN — 10 kN = 15 kN 


The answer is (D). 


MECHANICS OF MATERIALS-41 


For the beam shown, find the bending moment, M, at x = 3 m. 


(A) 4.5 kN-m (B) 6.0 kN-m (C) 7.5 kN-m (D) 9.0 kN-m 
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By inspection from symmetry, Ra = Rp = 6 KN. Sectioning the beam 
at x = 3 m gives 


F=(2 W) (8H) = 6 KN 


3m 


Y Meas = 0 
(6 KN)(3 m) + (6 KN)(1.5 m) +M =0 
M=18kN-m—9kN-m 
=9kN-m 


The answer is (D). 


MECHANICS OF MATERIALS—42 


Find the expression for the bending moment as a function of distance from the 
left end, x, for the following beam. 


(A) M =—z? +22 (B) M=—a2?41 
(C) M = =r? +22 (D) M = z? — 27° 
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XOM = —2x + (22) ($2) +M =0 


M = —2? + 2 
The answer is (C). 


MECHANICS OF MATERIALS-—43 


Which of the following is the shear force diagram for this beam? 


6 kN 


(A) 4kN 


Eee. 
-2 kN 


(B) 
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(C) TKN 


im 2m 


By observation, the reactions at points A and B are Ra = 4 kN and 
Rp = 2 kN. Draw free-body diagrams of the left and right sections of 
the beam. 


V=+4kN V=-2kN 


A P P B 
Ra = 4kN Rg = 2kN 


Thus, V = +4 kN between points A and P, and V = —2 kN between 
points P and B. 
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Which of the following is the bending moment diagram for this beam? 


3 kN 


| 
A B 
3kN-m 
(C) rs (D) 2kN-m 

A B 
A B 
3kN 

Ra Rg 


From the free-body diagram, Ra = Rg = 1.5 kN. The shear force 
diagram is therefore, 


2m i 2m 
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The bending moment increases linearly to (1.5 KN)(2 m) = 3 kN-m, 
then decreases linearly back to 0 kKN-m. 


3kN-m 


(A). 


MECHANICS OF MATERIALS—45 


The cantilever beam shown is loaded by three concentrated forces. What is the 
maximum shear force in the beam? 


3kN 5 kN 
8 kN 
2m 2m 2m 2m 
(A) 1 kN (B) 2kN (C) 3.kN (D) 5 kN 

Examining the shear force along the beam from left to right, for 0 m 
<2<2m, 

V=0kN 
For2m<2<4m, 

V=-3 kN 
For4m<2z<6m, 

V=5kN 
For 6m <2 <8 m, 

V=0kN 
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+5 kN 


-3 kN 


The maximum shear force is, therefore, 5 kN. 


MECHANICS OF MATERIALS-—46 


Which of the following bending moment diagrams corresponds to the simply 
supported beam shown? The beam is subjected to a distributed load, w, between 
points B and C. 


(B) 
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(C) 


(D) 


For sections AB and CD, the beam may be modeled as 
a 
Ra 


M(z) is linear with respect to x. For section BC, the beam is mod- 


eled as 
w 
Ve Vo 


M(x) is parabolic, reaching a maximum near or at the center. 


The answer is (C). 
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MECHANICS OF MATERIALS-—47 


What is most nearly the maximum allowable load, F, on the cantilever? The 


maximum compressive stress is 7000 kPa, and the maximum tensile stress is 5500 
kPa. The moment of inertia about the centroidal axis, Iya, is 20.6 x 10° mm‘. 


101.6 mm 


50.8 mm 
Iya = 20.6 x 10° mm* 


cross section 


(A) 540 N (B) 600 N (C) 610 N (D) 640 N 


7 3c 
I = (20.6 x 10° mm’) (ma 
1000 mm 
= 20.6 x 107ê m4 
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For compression, Callowable = 7000 kPa. 


(zo00 =) (20.6 x 10-8 m4) 
F towable m (3 m) (0.0889 m) 


compression 


= 0.541 kN (541 N) 
For tension, Callowable = 5500 kPa, and c = 63.5 mm. 
— m“ . 
allowable ~ (3 m) (0.0635 m) 


tension 


(5500 5) (20.6 x 10-6 mê) 
F 


= 0.595 kN (600 N) 


The maximum allowable load is 540 N. 


The answer is (A). 


MECHANICS OF MATERIALS—48 


A simply supported beam with the cross section shown supports a concentrated 
load, F = 10 kN, at its center, C. What is most nearly the maximum bending 
stress in the beam? 
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200 mm 


cross section 


(A) 2300 kPa (B) 3200 kPa (C) 3800 kPa (D) 4600 kPa 


The reactions at A and B are Ra = Rpg = 5 kN by inspection from 
symmetry. Since the maximum bending moment occurs at C, 


Mmax = (5 KN)(2 m) = 10 kN-m 


The moment of inertia about the neutral axis, NA, is the difference be- 
tween the moments of inertia of an area measuring 20 mm x 500 mm 
and two areas measuring 85 mm x 450 mm. 


= (5) (200 amm)(00 men)? — (2) (5) mn) (450 mm)? 


= 792 x 10° mm?* 


5. = Me _ (10 kN-m)(0.25 m) 
max" J ` 792x1076 m4 


= 3157 kN/m? (3160 kPa) 


The answer is (B). 
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MECHANICS OF MATERIALS-—49 


For the cantilever beam shown, what is the maximum tensile bending stress? 


— w= 10 kN/m 


z 


100 mm 


25 mm 


cross section 


(A) 230 MPa (B) 320 MPa (C) 480 MPa (D) 550 MPa 
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The maximum moment occurs at point A and is a result of the 
distributed load w. w is equivalent to a concentrated load, W = 
(1/2)(6 m)(10 kN/m) = 30 kN, acting at a point (1/3)(6 m) = 2 m 
from point A. The equivalent loading diagram for the cantilever is as 
follows. 


Ma = (30 kN)(2 m) = 60 kN-m 


The upper part of the beam will be under tension, with c equal to 
the distance between the neutral axis, NA, and the top edge of the 
beam. 


(25 mm)(100 mm)(12.5 mm) 
AG + (25 mm)(75 mm)(62.5 mm) 
SA 2500 mm? + 1875 mm? 


= 33.9mm_ (0.0339 cm) 


C= 


Use the parallel axis theorem to find J. 


Ina = ae = (100 mm)(25 mm)? 
we T 


+ (100 mm)(25 mm)(34 mm — 12.5 mm)? 
+ (3) (25 mm)(75 mm)? + (75 mm)(25 mm)(62.5 mm — 34 mm)? 


= 3.7 x 10° mmt 


oa Mc _ (60 kN-m)(0.0339 m) 
= ee 


=5.5x10°kPa (550 MPa) 


T 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


= S $ & $ 2 


10-46 1001 SOLVED ENGINEERING FUNDAMENTALS PROBLEMS 


MECHANICS OF MATERIALS-50 
A composite beam made of steel and wood is subjected to a uniform distributed 
load, w. Determine the maximum compressive stress in the steel. 


w= 25 kN/m 


steel 
E = 200 MPa 


steel 
E = 200 MPa 


50 mm 


cross section 


(A) 620 MPa (B) 850 MPa (C) 1100 MPa (D) 1200 MPa 


The maximum moment is at the center of the beam, where x = 2 m. 


Ra = Rg = 50 KN [by inspection] 
Mmax = (50 KN)(2 m) — (25 =} (2 m)(1 m) 


= 50 kKN-m 
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Since Ewooa/Esteel = 4 MPa/200 MPa = 1/50, the wood is equivalent 
to a steel web 1 mm thick. 


‘| 10mm 


100 mm 


cross section 


=" (5) (50 mm)(100 mm)? — (2) (5) (24.5 mm)(80 mm)? 
= 2.076 x 10 mmt 


(50 kN-m)(0.05 m) (1000 x) 
p= p am ea a 
Co 


1m 
6 mm4) {| ———— 
(2.076 x 10° mm‘) 7000 


= 1200 x 10° N/m? (1200 MPa) 


The answer is (D). 


MECHANICS OF MATERIALS-51 


For a rectangular beam under transverse (bending) loading, where is the location 
of maximum shear stress? 

(A) at the top edge 

(B) at the bottom edge 

(C) at the neutral axis 

(D) at a location between the top edge and the neutral axis 
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The shear distribution is 


cross section 
Tmax 
shear distribution 


The maximum shear stress is at the neutral axis. 


The answer is (C) 


MECHANICS OF MATERIALS-—52 


An I-beam is loaded as shown. What is most nearly the maximum shear stress, 
T, in the web at point C along the beam? 


2kN 1kN 


100 mm 


cross section 
(A) 160 kPa (B) 370 kPa (C) 400 kPa (D) 750 kPa 


The reaction at point A is found by taking the moment about point B. 


$ Mp =0 
= —Ra(3 m) + (2 kN)(2 m) + (1 KN)(1 m) 
Ra = 1.67 kN 
Vo = Ra = 1.67 kN 
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The shear stress is given by T = VQ/It, where Q is the first moment 
of either the upper half or the lower half of the cross-sectional area 
with respect to the neutral axis. 


Q = A’y = (50 mm)(20 mm)(25 mm) + (100 mm)(20 mm)(60 mm) 


_ ht (2 nm)? — (2) (4 3 
I= Erig (5) (100 mm)(140 mm)” — (2) (5) (40 mm)(100 mm) 
= 16.2 x 10° mmf 
Tmax occurs at the neutral axis. Thus, 
_ _ VQ _ _(1670 N)(145 000 mm) 
max "Tt — (16.2 x 106 mm4)(20 mm) 
= 0.747 N/mm? (750 kPa) 


The answer is (D). 


MECHANICS OF MATERTALS-—53 


An I-beam is made of three planks, each 20 mm x 100 mm in cross section, 
nailed together with a single row of nails on top and bottom as shown. If the 
longitudinal spacing between the nails is 25 mm, and the vertical shear force 


acting on the cross section is 600 N, what is most nearly the load in shear per 
nail, F? 


100 mm 
20 mm 
20 mm = 
100 mm 
[ a 20 mm 
(A) 56N (B) 76 N (C) 110 N (D) 160 N 
The shear force per unit distance along the beam’s axis is given by 
VQ 
am a 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


à = a = a # = 


10-50 1001 SOLVED ENGINEERING FUNDAMENTALS PROBLEMS 


For an I-beam, Q is the first moment of the upper flange area with 
respect to the z-axis. 


Q = AJ = (60 mm)(100 mm)(20 mm) = 120000 mm? 


3 
I= = (5) (100 mm)(140 mm)? — (2) (5) (40 mm)(100 mm)? 


= 16.2 x 10° mm4 


f = 4.44 N/mm 


The load capacity of the nails per unit length is F/L. Therefore, 


F= Lf = (25 mm) (4.41 =~) =111N (110N) 


The answer is (C). 


MECHANICS OF MATERIALS~54 


Considering the orientation of shear force Tys in the illustration, find the direction 
of the shear stress on the other three sides of the stress element. 
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MECHANICS OF MATERIALS 10-51 


For static equilibrium, the shear stresses on opposite faces of an ele- 
ment must be equal in magnitude and opposite in direction. Also, 
the shear stresses on adjoining faces must not produce rotation of the 
element. 


MECHANICS OF MATERJALS-—55 


If the principal stresses on a body are o1 = 400 kPa, a2 = —700 kPa, and o3 = 
600 kPa, what is the maximum shear stress? 


(A) 150 kPa (B) 250 kPa (C) 550 kPa (D) 650 kPa 


The maximum shear stress is equal to one-half of the difference be- 
tween the principal stresses. Comparing the three combinations, the 
maximum shear stress is given by the difference between og and a3. 


= 650 kPa 


7 [7 kPa — 600 kPa 
a 


The answer is (D). 
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MECHANICS OF MATERIALS-56 


For the element of plane stress shown, find the principal stresses. 


10 MPa 


(A) Smax = 35 MPa, Omin = —25 MPa 
(B) omax = 45 MPa, Gmin = 55 MPa 


(D) omax = 85 MPa, Omin = 15 MPa 
The stresses on the element are 


0, = 50 MPa oy = —10 MPa Tzy = 40 MPa 


2 
Og +a Oz — 7 
Tmaxmin = -=p (=>) +73, 


_ 50 MPa — 10 MPa | (2 MPa +10 MPa 


2 
2 
z r ) + (40 MPa) 


= 20 MPa+ 50 MPa 
= 70 MPa or —30 MPa 


The answer is (C). 
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What are the principal (maximum and minimum) stresses of the stress element 


shown? 
XN My kPa YV FAN + 


> Aa kPa 


(A) Cmax = 1.16 kPa, amin = —6.16 kPa 
(B) Cmax = 2.00 kPa, Gmin = —4.00 kPa 
(C) Gmax = 3.24 kPa, Omin = —5.24 kPa 
(D) Omax = 5.24 kPa, Omin = —3.24 kPa 


The stresses on the element are 


2 
On +o On — GO: 
Omax,min = —— + (25°) +T 


—2 kPa + 4 kPa (= kPa — 4 kPa 
——— oe? 


J + (—3 kPa)? 


= §.24 kPa or —3.24 kPa 


The answer is (D). 
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MECHANICS OF MATERIALS-58 


What is most nearly the maximum principal stress of the element shown? 


40 MPa 
— j 
——— 
10 MPa 
| 20 MPa 
(A) 30 MPa (B) 34 MPa (C) 40 MPa (D) 44 MPa 


The stresses on the element are 


as =40MPa o,=20MPa Tey =—10 MPa 


Og +a. Ox — O, 2 
E 5 + Gao +T; 


_ 40 MPa + 20 MPa n (2 MPa = 20 MPa 
= D 


| + (—10 MPa)? 


= 44.1 MPa (44 MPa) 


The answer is (D). 
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MECHANICS OF MATERIALS-—59 


For the following stress element, what is most nearly the maximum shear stress? 


y 


(A) 10 MPa (B) 11 MPa (C) 14 MPa (D) 27 MPa 
The maximum shear stress is 


2 
Tmax = (57) T Try 


B (= MPa — 30 MPa 


2 
z ) + (10 MPa)? 


= 26.9 MPa 


The answer is (D). 
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MECHANICS OF MATERIALS-60 


For the state of plane stress shown, what are the inclination angles of the prin- 
cipal planes? 


(A) 32.5° and 122° 
(B) 25.5° and 115° 

(C) —26.5° and —117° 
(D) -11.5° and —102° 


The stresses on the element are 


o,=40MPa o,=-5 MPa Tey = —30 MPa 


Tey _ (2)(—30 MPa) 
tan 26y = o, MPa (8 MPa 
= ~1.33 


26, = —53.0° or —233° 
Op = —26.5° or —117° 


The answer is (C). 
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MECHANICS OF MATERIALS-61 


A steel (cyiela = 200 MPa) pressure tank is designed to hold pressures up to 
7 MPa. The tank is cylindrical with a diameter of 1 m. If the longitudinal stress 
must be less than 20% of the yield stress of the steel, what is the necessary wall 
thickness, t? 


d 
long = a = (1 - 0.2) oyiela 


N 
a (rw 3) am 
O.Boyieid — (9.g) (200 x 108 =) 


=0.044m (44 mm) 


t 


The answer is (B). 


MECHANICS OF MATERIALS-62 


In designing a cylindrical pressure tank 1 m in diameter, a factor of safety of 2.5 is 
used. The cylinder is made of steel (cyieia = 200 MPa), and will contain pressures 
up to 7 MPa. What is the required wall thickness, t, based on circumferential 
stress considerations? 

(A) 22 mm (B) 44 mm (C) 88 mm (D) 120 mm 


For a thin-walled cylinder of diameter d containing a pressure p, 


ia : = pd = Cyield 
circumferential ot “95. 5 
N 
. 1.2 108 — | (1 
r 12pd _ | 5) (7% m K i 
oe 200 x 108 =. 
m2 


=0.044m (44 mm) 


The answer is (B) 
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MECHANICS OF MATERIALS-63 


What is most nearly the maximum principal strain at a point where e, = 1500 
pm, Ey = —750 um, and €y = 1000 pm? 


(A) 1160 pm (B) 1490 um (C) 1610 zm (D) 1830 um 


The equation for principal strain gives 


Es t ey 


€max,min = 


1500 pm — 750 pm 1500 pm +750 pm\? 1000 pm \? 
2 2 2 
= 375 wm + 1231 wm 
€max = 1606 pm (1610 um) 


The answer is (C). 


MECHANICS OF MATERIALS-64 


A beam of length L carries a concentrated load, F, at point C. Determine the 
deflection at point C in terms of F, L, E, and I, where E is the modulus of 
elasticity, and J is the moment of inertia. 


QF LS 4FL? FL3 FL 
“! 943 RT (B) 243EI (C) 27EI (D) 9ET 


The equation for bending moment in the beam is 
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Computing M for the different beam sections, 


__ 6 Fox F 
—- = eee < < 
7 T (O<2<a) 
_ 2g Fos 
— = — e a i 
EI a T +F(z-a) (a<a2<L) 


Integrating each equation twice gives 


3 
EIS =- 4.2405 0s<z<a) 


Fox? rn F(z — a)? 
6L 6 


+ Caz + Cy (azz L) 


The constants are determined by the following conditions: (1) at 
x = a, the slopes d5/dx and deflections 6 are equal; (2) at x = 0 and 
x = L, the deflection 6 = 0. These conditions give 


FO(L? — b?) 


a lal J: 


C3 =C,=0 


Evaluating the equation for (0 < x < a) at x = a = ?7/3L and b = 1/sL, 


The answer is (B). 


MECHANICS OF MATERIALS-65 


What is the deflection at point B for the beam shown? 


F= 100 kN 


I = 1000 x 108 mm4 
E = 200 GPa 


(A) 17 mm (B) 25 mm (C) 36 mm (D) 48 mm 
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Using the moment-area method, the M/EI diagram is 


The first moment with respect to point A is 


2 3 
Q= AGL) = - (555) GD =- 


The deflection is 


y=-Q0- E- (100 ENIG a? 7 
3EI kN +m 
e = € mmt) | ————— 
(3) (200 x10 =) (1000 x 10° mm4) (sa t) 


= 0.036 m (36 mm) 


The answer is (C). 


MECHANICS OF MATERIALS—66 
What is the Euler buckling load for a 10 m long steel column pinned at both 
ends and with the given properties and cross section? 

Iss = 3.70 x 10° mmt 


E = 200 GPa 
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(A) 15 kN (B) 24 kN (C) 43 kN (D) 73 kN 
x'x' and y'y’ are centroidal axes. 
Ista = 3.70 x 10° mmt 
Iyy is computed by applying the equation for I (bh?/12) about the 
centroidal axis of a rectangle. For this cross section, b; = 25 mm, 


hı = 100 mm, b2 = 75 mm, and he = 25 mm. 


Iyy = (5) (25 mm)(100 mm)? + (5) (75 mm)(25 mm)*) 


ž 1m 2 
1000 mm 
= 2.18 x 107 mt 
The Euler buckling load, Per, is 


n°? EI 
cr = T 


I is the minimum Z value. I: is less that Irgl. 


T? (200 x 108 =) (2.18 x 107€ m4) 
m 


Pa = 


(10 m)? 
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DYNAMICS-1 
How many degrees of freedom does a coin rolling on the ground have? 
(A) one (B) two (C) three (D) five 


A coin has two translational degrees of freedom and one rotational 
degree of freedom. 


The answer is (C). 


DYNAMICS-2 
What is the definition of instantaneous velocity? 
(A) v = dz dt (B) v= fa dt 
dz . At 
CO) Va = Bee 
By definition, 
v= lim Ar 2 
~ Ato At dt 


www.circuitmix.com 


a Š = = & > 


11-2 1001 SOLVED ENGINEERING FUNDAMENTALS PROBLEMS 


DYNAMICS-3 


A car travels 100 km to city A in 2 h, then travels 200 km to city B in 3 h. What 
is the average speed of the car for the trip? 


(A) 45 km/h (B) 58 km/h (C) 60 km/h (D) 66 km/h 
Average velocity is defined as total distance traveled over total time. 


~ _ Az _ 100 km + 200 km 
“e= A 2h+3h 


= 60 km/h 


The answer is (C). 


DYNAMICS-4 


The position of a particle moving along the z-axis is given by z(t) = t? ~t + 8, 
where z is in units of meters, and t is in seconds. Find the velocity of the particle 
when ¢ = 5s. 


(A) 9.0 m/s (B) 10 m/s (C) 11 m/s (D) 12 m/s 


The velocity equation is the first derivative of the position equation 
with respect to time. Therefore, 


d 2 
= E(P -t+8) 


=2t-1 
v(5) = (2)(5) -1=9.0 m/s 
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DYNAMICS 11-3 
DYNAMICS-5 


If a particle’s position is given by the expression x(t) = 3.4¢3 — 5.4t m, what is 
most nearly the acceleration of the particle at t = 5 s? 


(A) 1.0 m/s? (B) 3.4 m/s? (C) 18 m/s? (D) 100 m/s? 


The acceleration is found from the second derivative of the position 
equation. Therefore, 


dx 


d2 
= ga (34t? — 5.4t) 


d 
= goo — 5.4) 
= 20.4t 
a(5) = (20.4)(5) = 102 m/s? (100 m/s”) 


The answer is (D). 


DYNAMICS-6 


A car starts from rest and moves with a constant acceleration of 6 m/s?. What 
is the speed of the car after 4 s? 


(A) 18 m/s (B) 24 m/s (C) 35 m/s (D) 55 m/s 
For uniformly accelerated motion, 


v=vo+at=0+ (6 =) (48) 


= 24 m/s 


The answer is (B). 
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DYNAMICS-7 


A car starts from rest and has a constant acceleration of 3 m/s*. What is the 
average velocity during the first 10 s of motion? 


(A) 12 m/s (B) 13 m/s (C) 14 m/s (D) 15 m/s 


The distance traveled by the car is 


1 
£= To + vot + Lat? =0+0+ (5) (3 5) (10 s)? 


= 150 m 
_Ar 150m 
Yave = At 10s 
= 15 m/s 
The answer is (D 


DYNAMICS-8 


A truck increases its speed uniformly from 13 km/h to 50 km/h in 25 s. What 
is most nearly the acceleration of the truck? 


(A) 0.22 m/s? (B) 0.41 m/s? (C) 0.62 m/s? (D) 0.92 m/s? 


For uniformly accelerated rectilinear motion, 


v = vo +at 
at = V = vo 
km km m 
Pee os (en S l Ma 
t 25 8 3600 È 
h 


= 0.411 m/s? (0.41 m/s?) 


The answer is (B). 
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DYNAMICS-9 


A bicycle moves with a constant deceleration of —2 m/s”. If the initial velocity 
of the bike is 4.0 m/s, how far does it travel in 3 s? 


(A) 2.0 m (B) 2.5 m (C) 3.0 m (D) 4.0 m 
For constant acceleration, 
x = to + Vot + sat? 


=0+ (40) (as)+ (5) (-2 3) @o” 
= 3.0 m 


The answer is (C). 


DYNAMICS-10 


A ball is dropped from a height of 60 m above ground. How long does it take to 
hit the ground? 


(A) 1.38 (B) 2.18 (C) 3.58 (D) 5.58 


The positive y direction is downward, and y = 0 at 60 m above 
ground. For uniformly accelerated motion, 


Y = Yo + Vot + 5at? 


RA 1 m\ 2 
w= 040+ (3) (9.81 =)t 
t=3.58 


The answer is (C). 
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DYNAMICS-11 

A man driving a car at 65 km/h suddenly sees an object in the road 20 m 
ahead. Assuming an instantaneous reaction on the driver’s part, what constant 
deceleration is required to stop the car in this distance? 


(A) 7.1 m/s? (B) 7.5 m/s? (C) 8.0 m/s? (D) 8.1 m/s? 
For uniform deceleration, the velocity equation that is not a function 
of time is 


v? = vå + 2a(z — zo) 


Using v = 0, vo = 65 km/h = 18 m/s, and (x — zro) = 20 m, 


o= (18 a + 2a(20 m) 


The answer is (D). 


DYNAMICS-12 


A ball is thrown vertically upward with an initial speed of 24 m/s. Most nearly 
how long will it take for the ball to return to the thrower? 


(A) 2.38 (B) 2.6 s (C) 4.18 (D) 4.98 
At the apex of its flight, the ball has zero velocity and is at the 
midpoint of its flight time. If the total flight time is total, then the 
time elapsed at this point is 1/attotal- 


v=votat 


Rearranging to solve for total; 


m m 
0=424 (-9.81 7) Atotat 


a4 E 
ttotal = (2) as Sx | =4.893s (4.9) 


g? 


The answer is (D). 
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DYNAMICS-13 


A projectile is launched upward from level ground at an angle of 60° from the 
horizontal. It has an initial velocity of 45 m/s. How long will it take before the 
projectile hits the ground? 


(A) 4.18 (B) 5.85 (C) 7.98 (D) 9.5 8 


The projectile will experience acceleration only in the y direction due 
to gravity. The y component of velocity is 


Voy = 45sin 60° = 39 m/s 


For uniform rectilinear motion with constant acceleration, 
Y = Yo + Voyt + dat? 
m 1 M\ 42 
=0+ (39 5) t+ G) (-9.81 5) t 


” (39 =) t- (491 =) 2 


When the body is on the ground, y = 0. 


0= (39 =) ie (4.91 =) =t (39 = = 4.91 5t) 


m 


t= —s =7.945 (7.9 s) 
“st 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


a è 2 & 


11-8 1001 SOLVED ENGINEERING FUNDAMENTALS PROBLEMS 


DYNAMICS—14 


A man standing at a 5 m tall window watches a falling ball pass by the window 
in 0.3 s. From approximately how high above the top of the window was the ball 
released from a stationary position? 


(A) 8.2m (B) 9.6 m (C) 12 m (D) 21 m 
ball 
+y Yı 
yı +5 =y 


window N | 


The positive y direction is taken as downward, and the initial release 
point is yọ. Then, 


Y = Yo + Vot + fat? =0 +0 + tat? 
yı = gat? 
yo = zat} 


However, ye = yi + 5 m, and tz = tı + 0.3 s. Therefore, 
yı +5 m = ga(t; + 0.38)? 


zat? +5 m = a(t? + (2)(0.3 s)tı + (0.09 s?)) 
sat? + (0.3 s)atı + (0.045 s?)a 


Rearrange and solve for t4. 


(0.3 s)at; = 5 m — (0.045 s°)a 
5 m — (0.045 s?)a 
(0.3 s)a 
z 2 ean 
5 m — (0.045 3?) (9.81 =z) 
(0.3 s) (9.81 5) 
=1.55 s8 


A — 
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DYNAMICS 11-9 


Solving for y1, 


RN 
= 
II 


‘ 1 ~n m ; 
la = { — \(¢ ~ RR o)\2 
= šati (5) (9.81 =) (1.55 s) 


=11.8m (12m) 


The answer is (C). 


DYNAMICS-15 


A block with a spring attached to one end slides along a rough surface with an 
initial velocity of 7 m/s. After it slides 4 m, it impacts a wall for 0.1 s, and 
then slides 10 m in the opposite direction before coming to a stop. If the block’s 
deceleration is assumed constant and the contraction of the spring is negligible, 
what is the average acceleration of the block during impact with the wall? 


(A) -120 m/s? (B) —100 m/s? (C) —99 m/s? (D) —49 m/s? 


@1.2 acceleration before impact m/s? 
azy acceleration during impact m/s? 
a23 acceleration after impact m/s? 
81-2 distance traveled before impact m 
s23 distance traveled after impact m 
vi initial velocity m/s 
ve velocity just before impact m/s 
və velocity after impact m/s 
v3 final velocity m/s 
vi =7 m/s 
v3 =0 
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Because Az is small and energy is conserved, vz = V9. 


a og o 
Vi — 201-281-2 


V2 


Alternatively, 


V3 = 4/ v3, = 202352-3 
0= 4/ V3, = 2a2.3(10 m) 


2 
Vor 
ass= 


Alternatively, 


But @1.2 = a2.3, and v2 = Vy. 


2 
980 <r — 20v2 = 8v2? 


vo = 5.9 m/s 
Then, because of the direction change, 


m om 
= -5.9 — =- 5.9 — 

vx — V2 8 8 
@2=-7 = =e 


= At 0.10 s 
= —118 m/s?” (—120 m/s?) 


The answer is (A). 
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DYNAMICS-16 
A car starting from rest moves with a constant acceleration of 15 km/h? for 1 h, 
then decelerates at a constant —7.5 km/h? until it comes to a stop. Most nearly 
how far has it traveled? 
(A) 15 km (B) 23 km (C) 25 km (D) 35 km 

For constant acceleration, 


£ = To + Vot + tat? 


During acceleration, £o = 0, vo = 0, a = 15 km/h?, and t = 1 h. Then, 
the distance over which the car accelerates is 


1 km ‘ 
Tace = (5) (15 =) (1 h)? =7.5 km 


At the end of the hour, the car’s velocity is 


v= vo tat = (15 sa h) 
= 15 km/h 


During deceleration, £o = 0, vo = 15 km/h, and a = —7.5 km/ h?. The car 
has velocity v = 0 when it stops. Therefore, 


v = Vo + at 

km km 
0=15 + (-rs ye 
t=2h 


£= 29+ Vot+ fat? 


The distance over which the car decelerates is 


km \ ,. 1 km 
Tiotal = Lace + Tdec = 7.5 km +15 km = 22.5 km (23 km) 


The answer is (B). 
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DYNAMICS-17 


A train with a top speed of 75 km/h cannot accelerate or decelerate faster than 
1.2 m/s?. What is the minimum distance between two train stops in order for 
the train to be able to reach its top speed? 


(A) 300 m (B) 350 m (C) 360 m (D) 365 m 


To travel the minimum distance, the train must accelerate from 
vo = 0 km/h to v = 75 km/h at a constant 1.2 m/s? and then 
the same distance during acceleration as during deceleration, since 
the initial and final speeds are identical, as well as the magnitude of 
acceleration or deceleration. The following two equations apply for 
constant acceleration. 


© = To + vot = Zat? 


vV=votat 


During acceleration, zo = 0 m, vo = 0 km/h, v = 75 km/h = 
20.8 m/s, and a = 1.2 m/s?. Then, 


_fil m 2_ 
r= (3) (1.2 5) (17.3 8)? = 180 m 


The minimum total distance is 


z = (2)(180 m) = 360 m 


The answer is (C). 
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DYNAMICS-—18 


A block with a mass of 150 kg slides down a frictionless wedge with a slope of 
40°. The wedge is moving horizontally in the opposite direction at a constant 


velocity of 4.9 m/s. What is most nearly the absolute speed of the block 2 s 
after it is released from rest? 


(A) 8.9 m/s (B) 9.4 m/s (C) 9.5 m/s (D) 9.8 m/s 


Let Vw equal the velocity of the block relative to the wedge’s slope. 
The component of gravitational force in this direction, Fytope, is 
W sin @. Down the slope, relative to the wedge, 
Fyiope = W sin 8 = mastope 
W sin 


Qslope = = gsin® 
Vbw = Vo + Qslopet = 0+ gtsin@ 
= (9.81 =) (2 s) sin 40° 


= 12.6 m/s 


The absolute velocity, vp, can be found from a velocity triangle. 
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The law of cosines gives 


ve = ve, + ve, — 2VwVbw cos 0 


= (49 7. 4 (12.6 my" — (2) (49 =) (12.6 =) cos 40° 
= 88.18 m/s” 
vp = 9.39 m/s (9.4 m/s) 


The answer is (B). 


DYNAMICS-19 


A stream flows at v, = 4.5 km/h. At what angle, 6, upstream should a boat 
traveling at vp = 12 km/h be launched in order to reach the shore directly 
opposite the launch point? 


Z 


B 
o a 
Vp = 12 km/h 
vs=45kmh 9 —————» 
— > 
A 
A 
oe 
(A) 22° (B) 24° (C) 26° (D) 28° 
Draw a velocity triangle. 
Vs 
Sinan ant 
Vo 


\ 
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DYNAMICS 
fe 
sinf = = a 
4 
=h 
fas m 
8 = sin`! ag km 
h 


The answer is 


DYNAMICS-20 


An object is launched at 45° to the horizontal on level ground as shown. What is 
the range of the projectile if its initial velocity is 55 m/s? Neglect air resistance. 


(A) 309 m (B) 617 m (C) 624 m (D) 680 m 


Choosing the launch point as the origin of the x and y axes, £o = yo = 0. 
For uniform acceleration, 


£ = To + Vrot + Zast? 


Y = Yo + Vut + Faye? 
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However, az = 0 m/s”, and a, = —9.81 m/s”. Therefore, 
T = Vrt 


Y = Vyot = gt? 


Vang = Vo cos Â 
= (55 =) cos 45° 
8 
= 38.9 m/s 
Vyo = Vo sind 
= (55 =) sin 45° 
s 
= 38.9 m/s 


2 m m 
= 38.9 —t — 4.9 5t 
y 38.9 = 9 at 


When the projectile is on the ground, y = 0 m/s. Thus, 
m m 
0 =t (38.9 5-4.9 at) 
t= 7.948 
m 
x = (38.9 =e 
m 
= (38.9 =) (7.94 s) 


= 308.9m (309 m) 


The answer is (A). 
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A projectile is fired with a velocity, v, perpendicular to a surface that is inclined 


at an angle, @, with the horizontal. Determine the expression for the distance R 
to the point of impact. 


Qv? sind Qv? sin 0 
i ae g cos? 0 E R= gcos 
2v cos 0 2v sind 
eris gsin@ (D) -R gcos@ 


Using the notation in the figure, zo = 0, a, = 0, and yo = Rsin?@. 
Therefore, 


T = To + Vzt + tast? 
= Vzt 
= vsin ĝt 
Y = Yo + Vyt + tayt? 
= Rsinð + vyt + §(—g)t? 
= Rsin + vcos Ot — ġgt? 
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At impact, let t = tı, zı = Reos§, and yı = 0. The two equations 
above give 
Reos@ = vsin Ot) 
Reosé 
LL 
vsin@ 


[1] 


0 = Rsinð + vcos Ot, — igt? ti 
Equations I and II give 


ya 2 
0= Rind +v coso ( Ze) _ TE 


vsin@ vsin@ 
, Rcos? 8 
0 = sin? @ + cos? 0 — (22) 
i= gcos? OR 
~ 2vy2sinð 
2v? sin 8 
= gcos? 0 


The answer is (A). 


DYNAMICS-22 


A cyclist on a circular track of radius r = 240 m is traveling at 8 m/s. His speed 
in the tangential direction (i.e., the direction of his travel) increases at the rate 
of 1 m/s?. What is most nearly the cyclist’s total acceleration? 


(A) —0.9 m/s? (B) 0.7 m/s? (C) 0.9 m/s? (D) 1.0 m/s? 


The total acceleration is made up of tangential and normal compo- 
nents. The tangential component is given as 1 m/s?. By definition, 
the normal component is 


ün = — 


Q 
j 


=1.04 m/s? (1.0 m/s?) 


The answer is (D). 
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DYNAMICS-—23 


A motorcycle moves at a constant speed of v = 12 m/s around a curved road of 
radius r = 100 m. What is most nearly the magnitude and general direction of 
the motorcycle’s acceleration? 


100 m 
v= 12 m/s 


(A) 1.1 m/s? away from the center of curvature 
(B) 1.1 m/s? toward the center of curvature 
(C) 1.4 m/s? away from the center of curvature 
(D) 1.4 m/s? toward the center of curvature 


The normal acceleration, ay, is 


7 ee) as (1.4 m/s?) 
n »i m . ° 


Since the velocity in the tangential direction is constant, a; = 0. 
Thus, only the normal component of acceleration contributes to total 
acceleration, so a = 1.44 m/s*. The normal component is always 
directed toward the center of curvature. 


The answer is (D). 
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DYNAMICS-24 


A pendulum of mass m and length L rotates about the vertical axis. If the 
angular velocity is w, determine the expression for the height h. 


Since the pendulum undergoes uniform circular motion, 
T sin = may = mrw? [1] 
Assuming the pendulum is not accelerating in the vertical direction, 


a force balance gives 
T cos @ = mg [L] 
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2 
tan@ = — 
g 
However, tan = r/h. Therefore, 
T g 
k= =I 
= tan@ w? 


The answer is (B). 


DYNAMICS-25 


A 3 kg block is moving at a speed of 5 m/s. The force required to bring the 
block to a stop in 8 x 1074 seconds is most nearly 


(A) 10 kN (B) 13 kN (C) 15 kN (D) 19 kN 


Newton’s second law gives 


Pane en 
dt At 
5 = i 
= (3 kg) 8 x 10-4 s 1000 JY. 
kN 


=18.75 kN (19 kN) 


The answer is (D). 


DYNAMICS-26 


A rope is used to tow an 800 kg car with free-rolling wheels over a smooth, level 
road. The rope will break if the tension exceeds 2000 N. What is the greatest 


(A) 1.2 m/s? (B) 2.5 m/s? (C) 3.8 m/s? (D) 4.5 m/s? 


Fmax = MOmex 


2000 N = (800 kg)@max 
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Rearranging to solve for Gmax, 


DYNAMICS-~27 


A force of 15 N acts on a 16 kg body for 2 s. If the body is initially at rest, how 
far is it displaced by the force? 
(A) Lim (B) 1.5m (C) 1.9m (D) 2.1m 


The acceleration is found using Newton’s second law. 


For a body undergoing constant acceleration, with vp = 0 m/s? and 


t=2s, 
1 m 
ee ae fee 2 
Az = sat (5) (0.94 2 Ve 8) 


= 1.88 m 


The answer is (C). 
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DYNAMICS-28 
A car of mass m = 150 kg accelerates in 10 s from rest at a constant rate 
to a speed of v = 6 m/s. What is the resultant force on the car due to this 


acceleration? 


(A) 75 N (B) 90 N (C) 95 N (D) 98 N 


For constant acceleration, 


v = vo +at 
m m 
v— vo a= 
a = — = 
t 10s 
= 0.6 m/s” 


F = ma = (150 kg) (0.6 =) =90N 
The answer is (B). 


DYNAMICS—29 


A man weighs himself twice in an elevator. When the elevator is at rest, he 
weighs 824 N; when the elevator starts moving upward, he weighs 932 N. Most 
nearly how fast is the elevator accelerating, assuming constant acceleration? 


(A) 0.64 m/s? (B) 1.1 m/s? (C) 1.3 m/s? (D) 9.8 m/s? 


The mass of the man can be determined from his weight at rest. 


W = mg 
W 8AN 
a m 
g 81 = 
9.8 3 
= 84.0 kg 
At constant acceleration, 
F=ma 
oe F _ 932 N-824N 
m 84.0 kg 


= 1.29 m/s? (1.3 m/s”) 


The answer is (C). 
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DYNAMICS-30 

A truck weighing 1.4 kN moves up a slope of 15°. What is the force generated by 
the engine if the truck is accelerating at a rate of 3 m/s?? Assume the coefficient 
of friction is u = 0.1. 


(A) 876 N (B) 926 N (C) 930 N (D) 958 N 


In the direction parallel to the slope, a force balance gives 


>> Fx = ma = F — (W sin0 + Fy) 


F is the friction force, which is equal to uN = uW cos. 


F = W (sinf + cos@) + ma 


_ POS A 1400 N m 
= (1400 N)(sin 15° + 0.1 cos 15°) + (£ Gi (3 z) 


=925.7 N (926 N) 
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DYNAMICS-31 


In the illustration, the two pulleys and the horizontal surface are frictionless. 
The cord connecting the masses ma and mg is weightless. What is the ratio of 
the acceleration of mass A to the acceleration of mass B? Assume the system is 
released from rest. 


XA 


pulley B 


(A) 1/2 (B) 1 (C) 2 (D) ma/mp 


Assuming the accelerations of both masses are constant, their respec- 
tive displacement equations are 


TA = saat? 


TB = lagt? 
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Taking the ratio of ra to zp, 
TA GA 


TB åB 


Since mass B is supported by a two-segment rope section and mass 
A is pulled by only one rope, the displacement of mass B is half the 
displacement of mass A. Therefore, 


TA = 2p 

aA _ 22B 

an zB 
=2 


The answer is (C). 


DYNAMICS-32 


A simplified model of a carousel is illustrated. The 8 m long arms AB and AC 
attach the seats B and C, each with a mass of 200 kg, to a vertical rotating shaft. 
What is the maximum angle of tilt, 6, for the seats, if the carousel operates at 
12 rpm? 


(A) 39° (B) 40° (C) 45° (D) 51° 
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The free-body diagram is 


= 1.257 rad/s 
The rotational force, F, expressed in terms of @ is 
F = ma = mrw? 
= ml sin Ow” 
rad \? 

= (200 kg)(8 m)sin@ (1.257 =) 

= (2528 N) sin@ 
From the free-body diagram, 

F (2528 N) sin@_ 


iate a ee 
W (200 kg) (9.81 =) 
= 1.288sin@ 
1 
cos 8 = 588 


1 
= cos”! 
— (z) 


= 39.07° (39°) 


The answer is (A). 
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DYNAMICS-—33 


In the ballistic pendulum shown, a bullet of mass m is fired into a block of mass 
M that can swing freely. Which of the following is true for the system during 
the swing motion after impact? 


bal go em 
rigid arm - \ 
\ 
\ 
\ 
\ 
\ 
ea 
eax e 
Pai 
mD- as 
bulle 


(A) Both mechanical energy and momentum are conserved. 
(B) Mechanical energy is conserved; momentum is not conserved. 
(C) Momentum is conserved; mechanical energy is not conserved. 
(D) Neither mechanical energy nor momentum is conserved. 


Momentum is not conserved since an external force, gravity, acts on 
the bullet-block mass. Only mechanical energy is conserved. 


The answer is (B). 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


= è > bd = = 


DYNAMICS 11-29 


DYNAMICS-—34 


Three masses are attached by a weightless cord as shown. If mass mg is exactly 
halfway between the other masses and is located at the center of the flat sur- 
face when the masses are released, what is most nearly its initial acceleration? 
Assume there is no friction in the system and that the pulleys have no mass. 


icti m = 4kg 
frictionless — T. i T, 
pulley A 1 
frictionless 7; 
surface 
m, = 16kg 
: m3 = 12kg 
“a 
(A) 1.0 m/s? (B) 1.2 m/s? (C) 9.8 m/s? (D) 12 m/s? 
mg mg 


Since mi > ma, mı will move downward and mg will be displaced to 
the left. All masses contribute to the inertia of the system. 


Tı — Tz = aeMtotal = @2(™1 + me + M3) 
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Tı and T3 are the tensions in the cord due to the masses mı and mg. 
Ti = mig 
T3 = mgg 


ue mi — mg 
3=9 my + m + ms 


m\ / l6kg—12kg 
= (9.81 =) (| =—=—— 2 T _ 
( 2) ceri) 


= 1.23 m/s? (1.2 m/s”) 


The answer is (B). 


DYNAMICS-35 


The maximum capacity (occupant load) of an elevator is 1000 N. The elevator 
starts from rest, and its velocity varies with time as shown in the graph. What 
is most nearly the maximum additional tension in the elevator cable due to the 
occupants at full capacity? Neglect the mass of the elevator. 


v (m/s) 


2 4 6 time(s) 


(A) 960 N (B) 1000 N (C) 1200 N (D) 1400 N 


The maximum tension occurs during the period of maximum accel- 
eration. This occurs for 0 s < t < 2 s, with acceleration, a, equal to 
v/t = 4 m/s/2 s = 2 m/s?. The mass of the occupants is m = 1000 
N/9.81 m/s?. During this time, 


oF =ma=T-W 


À N\ z 
T =W + ma = 1000 N+ | WON (25) 
9.81 5 


=1204N (1200 N) 


). 
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DYNAMICS-—36 
What is most nearly the kinetic energy of a 3924 N motorcycle traveling at 40 
km/h? 


(A) 11100 J (B) 12300 J (C) 23600 J (D) 24600 J 
mota DN = 400 k 
9 9815 


The kinetic energy is 


m\2 
Ey = 3mv? = (3) (400 kg) (111 =) 
= 24640 J (24600 J) 


The answer is (D). 


DYNAMICS-37 


A lead hammer weighs 45 N. In one swing of the hammer, a nail is driven 1.5 
cm into a wood block. The velocity of the hammer’s head at impact is 4.5 m/s. 
What is most nearly the average resistance of the wood block? 


(A) 3090 N (B) 3100 N (C) 3920 N (D) 4090 N 
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Because energy is conserved, the kinetic energy of the hammer before 
impact is equal to the work done by the resistance force of the wood 
block. m = 45 N/9.81 m/s? = 4.59 kg, v = 4.5 m/s, and Zpa = 
0.015 m. 


P (5) (459 kg) (45 my" 


F= = - 
x 0.015 m 
= 3098N (3100 N) 


The answer is (B). 


DYNAMICS-38 
An automobile uses 74.6 kW to maintain a uniform speed of 96 km/h. What is 


the thrust force provided by the engine? 
(A) 0.87 kN (B) 2.8 kN (C) 3.2 kN (D) 5.6 kN 


Power is defined as work done per unit time, which, for a linear sys- 
tem, is equivalent to force times velocity. Therefore, 


P = Fv 
peč 
v 


wW 
(74.6 kW) (1000 aw) 
1 


E) (oes) (Gas) 


= 2797.5. N (2.8 kN) 
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DYNAMICS-39 


A 580 N man is standing on the top of a building 40 m above the ground. What 
is his potential energy relative to the ground? 


(A) 10 kJ (B) 12 kJ (C) 20 kJ (D) 23 kJ 


E, = Wy = (580 N)(40 m) = 23200 J 


DYNAMICS—40 


A 900 N object is initially suspended on a 180 m long cable. The object is then 
raised 100 m. If the cable weighs 16 N/m, how much work is done? 


NY 


80 m 


180 m 


(A) 100000 J (B) 298000 J (C) 320000 J (D) 398000 J 


The weight of the extended cable for the two situations is 
N 
W = (180 m) (16 x) = 2880 N 


Wa = (80 m) (15 x) = 1280 N 
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These weights may be considered to be concentrated at the midpoints 
of the extended cables. Choosing the datum to be at the top of the 
cable, and using the work-energy principle, the work done is equal to 


the difference in potential energies of the two situations. 


Ep = (weight)(distance) + WiL 


Ep: = (900 N)(—180 m) + (2880 N) (= m 


) = —421200 J 


Ep2 = (900 N)(—80 m) + (1280 N) (=>) = —123 200 J 


W = Epo — Ep: = —123 200 J — (—421 200 J) 
= 298000 J 


The answer is (B). 


DYNAMICS-41 


A 0.05 kg mass attached to a spring (spring constant, k = 0.5 N/m) is accelerated 
to a velocity of 0.4 m/s. What is the total energy for the body in the following 
diagram? Neglect the spring mass. 


static equilibrium 


position \ v=0.4 m/s 
Y spring m = 0.05 kg m 
— MM a eee dom | 
k=0.5 N/m 
0.1m 
(A) 0.0025 J (B) 0.0040 J (C) 0.0065 J (D) 0.0092 J 


The total energy is the sum of the kinetic and potential energies. 


E = Eg + Ep 
mv? + tka? 


(5) (0.05 kg) (0.4 =)" + (3) (0. =} (0.1 m)? 


= 0.0065 J 


The answer is (C). 
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DYNAMICS—42 


A 1000 kg car is traveling down a 25° slope. At the instant that the speed is 
13 m/s, the driver applies the brakes. What constant force parallel to the road 
must be generated by the brakes if the car is to stop in 90 m? 


(A) 1290 N (B) 2900 N (C) 5080 N (D) 8630 N 


The change in energy is equal to the work done by the brakes, The 
change in velocity squared is 


2 2—0 m\?_ 2/2 
v v2 =0 (13 =) = —169 m*/s 


The change in elevation of the car is 


h — ho = 0 — (90 m) sin 25° = —38 m 
AE; + AEp = Fx 
im(v? — vg) + mg(h — ho) = Fax 


(5) (1000 kg) (-109 =) 


+ (1000 kg) (9.81 =) (—38 m) = F(90 m) 


F = —5080 N 


The answer is (C) 
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DYNAMICS-—43 


A bullet of mass 100 g is fired at a wooden block resting on a horizontal surface. 
A spring with stiffness k = 53 kN/cm resists the motion of the block. If the 
maximum displacement of the block produced by the impact of the bullet is 3.4 
cm, what is most nearly the velocity of the bullet at impact? Assume there are 
no losses at impact, and the spring has no mass. 


wood block 


k = 53 kN/cm 


(A) 250km/h (B) 450 km/s (C) 630 km/h (D) 890 km/h 


Due to the conservation of energy, the kinetic energy of the bullet 
before impact is equal to the potential energy of the spring-mass- 
bullet system at maximum compression. 

Ex, bullet = Lp,system 


1 
$ Moule V? = Fka? 


kr? 
y = 
Mbullet 
53.000 =) (3.4 em)? {—1™ , 
cm 100 cm (60 -5) 60 min 
0.1 kg min h 


= m 
1000 = 


= 891 km/h (890 km/h) 


The answer is (D). 
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DYNAMICS—44 


A simple pendulum consists of a 100 g mass attached to a weightless cord. If 
the mass is moved laterally such that h = 5 cm and then released, what is the 
maximum tension in the cord, T? 


pivot 


(A) 1.08 N (B) 1.12 N (C) 1.18 N (D) 1.25 N 


The maximum tension will occur when the pendulum is at its lowest 
point, position 2 in the figure. The force balance in the vertical y 
direction gives 
may = T — mg 
T = may + mg 
mv? 


= tng u 


From the conservation of energy, 
Ep = Era 
mgh = tmv 


v= V2gh m 


2 


Equations I and II give 


m (V377)? 


Tmax = E + mg 


2h +1 
= mg a 


= (100 g) (9.81 5) (2cm) (sae) 


= 1.177 kg-m/s? (1.18 N) 


The answer is (C). 
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DYNAMICS—45 


A stationary passenger car of a train is set into motion by the impact of a moving 
locomotive. What is the impulse delivered to the car if it has a velocity of 11 
m/s immediately after the collision? The weight of the car is 56.8 kN. 


(A) 45.5 kN-s (B) 57.5 kN-s (C) 63.7 kN-s (D) 64.1 kN-s 


From the impulse-momentum principle, 
Imp = Amv 
mv, + Imp = myz 


Imp = m(v2 — vi) 


| 
on 
© 
D 
= |G 
I5 
ll 
on, 
m 
m 
a jB 
I 
© 
«|B 
~~” 


The answer is (C). 


DYNAMICS-—46 
Which of the following statements is FALSE? 


(A) 


The time rate of change of the angular momentum about a fixed point is 
equal to the total moment of the external forces acting on the system about 
the point. 

The coefficient of restitution can be less than zero. 

The frictional force always acts to resist motion. 

Momentum is conserved during elastic collisions. 


The coefficient of restitution is defined as the ratio of the impulses cor- 
responding to the period of restitution and to the period of 
deformation of a body, respectively. Its value is always between 
0 and 1. 


The answer is (B). 
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DYNAMICS—47 


Two identical balls hit head-on in a perfectly elastic collision. Given that the 
initial velocity of one ball is 0.85 m/s and the initial velocity of the other is 
0.53 m/s, what is the relative velocity of each ball after the collision? 


(A) 0.85 m/s and —0.53 m/s 
(B) 1.2 m/s and —0.72 m/s 
(C) 1.2 m/s and —5.1 m/s 
(D) 1.8 m/s and —0.98 m/s 


Let vı and vz be the velocities of balls 1 and 2, respectively, after the 
collision. The conservation of momentum equation is 


MVo1 + MVo2 = MV1 + MV2 
0.85 = + (—0.53 2) =v +v 
vı + V2 = 0.32 m/s [I] 


Since kinetic energy is conserved, 
S dee Dee | 
ZMV + FMVog = MVI + my3 
2 
2 


v 
vi + v2 = 1 m?/s? [11] 


Combining Eqs. I and H, 


vz — 0.32v2 — 0.4488 = 0 


m)\2 ; 

2 =) — (4)(1) (-0.1088 ) 
V3 = 5) — 
= 0.85 m/s or —0.53 m/s [negative value not used] 

vı = 0.32 — vz = 0.32 = — 0.85 = 


= —0.53 m/s 


The answer is (A). 


m2 
3? 
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DYNAMICS-—48 


(A). —5 m/s (B) —2 m/s (C) 0 m/s (D) 5 m/s 
Since the balls have the same weight, they have equal mass. Denoting 
the instances before and after the collision by the subscripts 1 and 2, 


respectively, vg1 = 5.1 m/s and vy = 0. Conservation of momentum 
gives 


MsVa1 F MyVw1 = MsVs2 + MyVw2 
Va2 + Vw2 = Val = 5.1 m/s [I] 
Conservation of energy gives 


Im y2 a1 = ip, y2 41 2 
BMeVa1 + FMwViy = FMsVen + FMwV a2 


2 
2 2 2 _ m 
Va + Vang = Vai = (5.1 =) 


= 26.01 m?/s? i 
Solving Eqs. I and II simultaneously, 


2 
vê + (26.01 “r — 10.2v,2 +v) = 26.01 m?/s? 
2v2, — 10.2ve2 = 0 
m m 
vig — 5.1 va =05 


veg = 0 m/s, 5.1 m/s 


If vga = 5.1 m/s, then vy2 = 0 m/s, and no change has occurred 
during the collision. This is physically impossible, so v2 = 0 m/s. 


The answer is (C). 
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DYNAMICS—49 


Two masses collide in a perfectly inelastic collision. Given the data in the il- 
lustration, find the velocity and direction of motion of the resulting combined 
mass. 


m/s v= 


v, = 10 —20 mis f7 


(A) The mass is stationary. 
(B) 4 m/s to the right 

(C) 5 m/s to the left 

(D) 10 m/s to the right 


Let the positive direction of motion be to the right. Let mg be the 
resultant combined mass moving at velocity vs after the collision. 
Since momentum is conserved, 


M1V1 + MV2 = M3V3 
However, mg = m1, + m2 = 4M + M2 = 5mg. Therefore, 
Amo (10 =) + me (-20 =) = 5mev3 


40m2 = 20m2 = 5mev3 


v3 = 4 m/s to the right 
The answer is (B). 


DYNAMICS-—50 


A ball is dropped onto a solid floor from an initial height, ho. If the coefficient 
of restitution, e, is 0.90, how high will the ball rebound? 


© initial position 


“Py 

{ 4: 

, | 7 rebound position 
d- 


l 
I 
l 
I 
l 
l 
| 
l 
| 


(A) 0.45hy (B) 0.811 (C) 0.85h1 (D) 0.90h1 
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The subscripts 1, 2, and 3 denote the positions shown. 


A 
Conservation of energy gives, before impact, 


Ei totat = E2,total 


Since the kinetic energy at position 1 and the potential energy at 


position 2 are zero, 


mgh = mv 


Vo = 2ghı 


After impact, the kinetic energy at position 3 is zero. 


tmv = mghs 


V? = 2gh3 


By definition, the coefficient of restitution is 


P Vball — Vfoor_ _ _ Y 


V1,floor — V1,ball Vi 


= _v2ghs [hs 
V2ghy hy 
hg = e*hy = (0.9)*h; 


= 0.81h, 
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DYNAMICS-51 

A mass suspended in space explodes into three pieces whose masses, initial ve- 
locities, and directions are given in the illustration. All motion is within a single 
plane. Find the velocity of m3. 


m =1 
vı = 20 m/s 


m= 2 
V2 = 40 m/s 


(A) 20 m/s (B) 23 m/s (C) 35 m/s (D) 40 m/s 


Defining the 2 and y axes as shown, conservation of momentum for 
the x direction gives 


M2V2 cos 30° + mgvg cos 0 = 0 
2v3 cos 30° + 4v3 cos 0 = 0 
(2) (40 =) cos 30° = —4v3 cos@ 


20 = cos 30° = —vg3 cos 0 
17.32 = 
i cos @ m 
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For the y direction, 
MV, + Mav sin 30° + mgv3 sind = 0 
mı (20 =) + 2m, (40 =) sin 30° = —4mivg sind 


—4vz sin ð = 60 = 
8 


V3 = — s [IT] 


Equations I and II give 


60 Š 
tan = ——— i 
(17.32 =) (4) 
0 = 40.9° 
—17.32 = 
v= — cos 40.9° 
= 22.9 m/s 


The answer is (B). 


DYNAMICS-52 


Which of the following statements is FALSE? 

(A) Kinematics is the study of the effects of motion, while kinetics is the study 
of the causes of motion. 

(B) The radius of gyration for a mass of uniform thickness is identical to the 
radius of gyration for a planar area of the same shape. 

(C) Angular momentum for rigid bodies may be regarded as the product of 
angular velocity and inertia. 

(D) The acceleration of any point within a homogenous body rotating with a 
constant angular velocity is proportional to the distance of that point to 
the center of mass. 

A body rotating at a constant angular velocity has no angular accel- 
eration. 


The answer is (D). 
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DYNAMICS-53 


A uniform beam of weight W is supported by a pin joint and a wire. What will 
be the angular acceleration, a, at the instant that the wire is cut? 


(By 22 0) 8 m) “8 


wfe 


The only force on the beam is its weight acting at a distance of L/2 
from point O. Taking the moment about O, 


L 
W (5) = Ioa 


For a slender beam rotating about its end, 


Io = imz? 
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DYNAMICS-54 


A thin circular disk of mass 25 kg and radius 1.5 m is spinning about its axis 
with an angular velocity of w = 1800 rpm. It takes 2.5 min to stop the motion 
by applying a constant force, F', to the edge of the disk. The force required is 
most nearly 


F 


(A) 7.2 N (B) 16 N (C) 24 N (D) 32 N 


The relationship between the retarding moment, Fr, and the decel- 
eration is 
Fr = —Ioa 


Designating the positive rotational direction as counterclockwise, w = 
—1800 rpm. Therefore, 


pa oe _ _gmr a 

r T 
E 
2 At 

rev 
—1800 —— na? 

7 Jl min 1 min 
= ( 5) ae) (( 2.5 min Ge (sa 3) 
=23.6N (24N) 


The answer is (C). 
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DYNAMICS-—55 


A mass, m, of 0.025 kg is hanging from a spring whose spring constant, k, is 0.44 
N/m. If the mass is pulled down and released, what is the period of oscillation? 


(A) 0.50 s (B) 1.28 (C) 15s (D) 2.1 s 
By definition, the period T is 
0.025 k 
T= 2m7 = ieee 
0. u` — 


= 1.58 


The answer is (C). 


DYNAMICS-56 


A body hangs from an ideal spring. What is the frequency of oscillation of the 
body if its mass, m, is 0.015 kg, and k is 0.5 N/m? 


(A) 0.51 Hz (B) 0.66 Hz (C) 0.78 Hz (D) 0.92 Hz 
By definition, the frequency, f, is 


N 
poh E-214 om 
~ Ir Vm 2r \ 0.015 kg 


= 0.92 Hz 


The answer is (D). 


DYNAMICS-57 


What is the natural frequency, w, of an oscillating body whose period of oscilla- 
tion is 1.8 s? 


(A) 1.8 rad/s (B) 2.7 rad/s (C) 3.5 rad/s (D) 4.2 rad/s 


_ 2m an 
T 18s 
= 3.5 rad/s 


| The answer is (C). | 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


a z = = a 2 è 


11-48 1001 SOLVED ENGINEERING FUNDAMENTALS PROBLEMS 


DYNAMICS-58 

A one-story frame is subjected to a sinusoidal forcing function q(t) = Q sinwt at 
the transom. What is most nearly the frequency of q(t), in hertz, if the frame is 
in resonance with the force? 


ji m = 135 kg 


lateral stiffness 
k=5kN/em 


(A) 2.6 Hz (B) 2.9 Hz (C) 3.6 Hz (D) 9.7 Hz 


Resonance occurs when the forced frequency, w, equals the natural 
frequency, wp. 


m = 135 kg 
k= (sooo =) (100 =) = 500000 N/m 
cm m 


1 fk 1 _| 500000 X 
Eo a E 
Vym 2r 135 kg 


= 9.69 Hz (9.7 Hz) 


The answer is (D). 


DYNAMICS-59 


In the mass-spring system shown, the mass, m, is displaced 0.09 m to the right 


AA 
Maa frictionless 
surface 
(A) 0.3 m/s (B) 5 m/s (C) 8 m/s (D) 14 m/s 
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mum velocity will occur when the mass returns to the point of static 
equilibrium, where the deflection is zero and, hence, the potential 
energy equals zero. Therefore, since the total energy of the system is 
constant, 


The kinetic energy before the mass is released is zero. The maxi- 


Ep, = Ek,2 


ikir? + tkori = tmv? 
The displacement of each spring is 


x = 0.09 m 


ja Ikiz? + koa? 
m 
((27 =) (0.09 m)? + (7 =} = 
m m 


(0.09 m)?) (1000 x) 
1.5 kg 


=13.5 m/s (14 m/s) 


The answer is (D). 


DYNAMICS-—60 


A cantilever beam with an end mass, m = 7000 kg, deflects 5 cm when a force 
of 5 kN is applied at the end. The beam is subsequently mounted on a spring 
of stiffness, ka = 1.5 KN/cm. What is most nearly the natural frequency of the 
mass-beam-spring system? 
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(A) 1.5 rad/s (B) 3.1 rad/s (C) 6.0 rad/s (D) 6.3 rad/s 


A cantilever with an end mass m can be modeled as follows. 


5000 N 
b= —— = 1000 N/cm 
5 cm 
For this model, both springs undergo the same deflection. Hence, 
k = ky + k, = 1000 N 41500 A 
cm cm 
= 2500 N/cm 


The natural frequency is, therefore, 


= 5.98 rad/s (6.0 rad/s) 


The answer is (C). 
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1 2 DC ELECTRICITY 


DC ELECTRICITY-1 
Which statement about a charge placed on a dielectric material is true? 


(A) The charge diffuses across the material’s surface. 

(B) The charge diffuses through the interior of the material. 

(C) The charge is confined to the region in which the charge was placed. 
(D) The charge increases the conductivity of the material. 


In a dielectric, all charges are attached to specific atoms or molecules. 


The answer is (C). 


DC ELECTRICITY-—2 


The coulomb force, F, acts on two charges a distance, r, apart. What is F 
proportional to? 


1 1 
(A) r (B) r? (C) = (D) 3 
The coulomb force is 
— 12 
Arer? 


qı and q are the charges, and e is the permittivity of the surrounding 
medium. Hence, F is proportional to the inverse of r?. 


The answer is (C). 
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DC ELECTRICITY-3 


The force between two electrons in a vacuum is 1 x 10-18 N. Approximately how 
far apart are the electrons? 


(A) 1.4 x 1071 m (B) 5.1 x 1071? m 
(C) 4.8 x 1077 m (D) 1.7 x 107° m 
Coulomb’s law is 
— 9192 
Ane r? 


€o = 8.85 x 1071? C?/N-m?. Also, for an electron, q = 1.6 x 107!9 C. 
Solving for r, 


a 1 
í =ay AnégF 


= (1.6 x 107"? C) 


1 
z 2 
An (s5 x 10-12 na) (1 x 10-15 N) 


= 4.8 x 1077m 


The answer is (C). 


DC ELECTRICITY-4 


Two solid spheres have charges of 1 C and —8 C, respectively. The permittivity, 
€o, is 8.85 x 1071? C?/N-m?, and the distance between the sphere centers, r, is 
0.3 m. Determine the force on the spheres. 


(A) —1 x 103 N (B) -8x1l04N (C)ON (D) 8x 101! N 
Because of their symmetry, charged spheres may be treated as point 
charges. Use Coulomb’s law. 

_ u (1 C)(—8 C) 
T Awegr2 C? 
j år (8.5 x 10712 nat) (0.3 m)? 


= —8 x 10! N 


The answer is (B). 
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DC ELECTRICITY-5 


A parallel plate capacitor with plates of area A that are separated a distance 
d by air is initially charged with charge ge- The energy stored in the capacitor 
initially is Æ. The plates are then separated by 2d. What is the new energy 
stored in the capacitor? 


(A) 0 (B) 0.52 (C) E (D) 2E 
The energy initially stored in the capacitor is 


C is the initial capacitance. After the increase in plate separation, 
the capacitance, C’, is 


raia 
D ta 


4C 
Therefore the energy stored, E’, after the plate distance is increased is 
Bae we og 


The increased energy is added into the system when force is used to 
separate the plates against the electrostatic force between them. 


The answer is (D). 


DC ELECTRICITY-6 
A 0.001 C charge is separated from a 0.003 C charge by 10 m. If P denotes 


between the 0.001 C charge and point P. 


1x 10°C 3x 103C 


(A) 2.2m (B) 3.7m (C) 6.3m (D) 14m 
PROFESSIONAL PUBLICATIONS, INC. 
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Electric field intensity E at point 2 due to a point charge, Q, at point 
lis 
Qı 


Arer? 


r is the distance between points 1 and 2. 


At the point where E is zero, the electric field due to the 0.001 C 
charge equals the field due to the 0.003 C charge in magnitude. 


0.001C 0.008 C 
ATEL?  4reo(10 m — x)? 
(10 m — x)? = 3x? 


x? + 102 —-50=0 


Solving for the positive x value, 


_ ~b+ Vb? — 4ac 
~ 2a 


_ 710 m+ y (10 m)? = (4)(1 m)(—50 m) 
a 


=3.66m (3.7 m) 


The answer is (B). 


DC ELECTRICITY—7 


A 3 C charge and a 5 C charge are 10 m apart. A 7 C charge is placed on a 
line connecting the two charges, x meters away from the 3 C charge. If the 7 C 
charge is in equilibrium, find the value of z. 


x 


D 
10 m 
(A) 3.9 m (B) 4.4 m (C) 5.0 m (D) 5.7 m 
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DC ELECTRICITY 12-5 
At equilibrium, F37 = Fy. Using Coulomb’s law, 


(3C)\(7C) (70X50) 
ÅRET?  ÅTEo(10 m — x)? 
(21 C?)(10 m — x)? = 35a? 
x? + 30x — 150 = 0 


Solving for a positive value of z, 
—b + Vb? — 4ac 
= 2a 
—30 m + y (30 m)? — (4)(1 m)(—150 m) 
E 


4.36m (4.4 m) 


The answer is (B). 


DC ELECTRICITY-8 


Two charges, A and B, of equal and opposite value are separated by a distance, 
d. r is the distance from a charge to any point, P, lying on the normal plane 
that bisects the length d. What is the electric field at point P if K is a constant 
equal to 1/47? 


ll 
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The total electric field will be in the x direction only, since the y components 
of the charges cancel each other out. By definition, with a, denoting the 


unit radial vector, 
Kq 
Etotal = e k 


The answer is (A). 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


5 = = = = 5 


DC ELECTRICITY 


DC ELECTRICITY—-9 


A hollow metallic spherical shell has a charge of 0.001 C. The shell is 2 m in 
diameter. Which of the following correctly shows the variation of electric field 


with respect to the distance, r, from the center of the sphere? 


(A) 


(C) 


9 9 
8 8 
at g7 
S 6 26 
5 B) 35 
b4 (B) = 4 
= 3 ly 3 
Ww 5 2 
1 1 
1234567 
r(m) 
9 9 
8 8 
gi 5 6 1 
& 6 2 6 oF 
= 4 (D) e 4 
Ww 3 u 3 
2 2 
1 1 
1234567 1234567 


rim) r(m) 


Outside the sphere, Coulomb’s law can be used to find the electric 
field. Thus, the electric field varies as 1/r? for r > 1 m. On the 
surface of the sphere, r = 1 m. 


0.001 C 


p 4 = 6 
E= Amer? or (895 <10- 5) (my? 9x 10 N/C 


4r ( 8.85 x 10-17 —— } (1 m)? 


Gauss’ law states that the electric flux passing through a given closed 
surface is proportional to the charge enclosed by the surface. There 
is no charge within the sphere. Therefore, the electric field is zero for 
r<1m. Only (D) is correct. 
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DC ELECTRICITY-10 


Approximately how far away must an isolated positive point charge of 1 x 1078 
C be in order for it to produce an electric potential of 100 V? The charge is in 
free space with €o = 8.85 x 107!” C?/N-m?. 


(A) 0.90 m (B) 1.2m (C) 5.3m (D) 8.6 m 


At a distance, r, from a point charge, q, 


v=- [Ea q 
årer 
„= 
AneV 
1x10-8C 


-— — 
4r (8.85 x 10-12 <a) (100 V) 


= 0.90 m 
The answer is (A). 


DC ELECTRICITY-11 


A point charge, q, in a vacuum creates a potential, V, at a distance, r. A 
reference voltage of zero is arbitrarily selected when r = a. If K = 1/4reo, 
which of the following is the correct expression for V? 


1 1 l-a 
M Ka(3-3) ®t 
1 1 1 1 
(©) Ka(2-+) ©) Ka(4-3) 
From Coulomb’s law for a point charge, 
n K4 
=y 


The total voltage is measured between the reference voltage, a, and r. 


Y = 


| 
] | 
MN, 
by 
s 
A ll 
l 
j 3 
BE 
Q 


li 
x 
Q 
o— 
bo = 
l 
Sie 
Se 


The answer is (C). 
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DC ELECTRICITY-—12 
What accelerating voltage is required to accelerate an electron to a kinetic energy 
of 5 x 10715 J? The charge of an electron is 1.6 x 107!9 ©. 
(A) 8 kV (B) 13 kV (C) 19 kV (D) 31 kV 

For an electron, after the potential energy has been converted to 

kinetic energy, kinetic energy is 

Ex = qV 

Ey _ 5x10" 
q 16x107! C 
= 31250 V (31 kV) 


V = 


The answer is (D). 


DC ELECTRICITY-13 


A certain potential variation in the zy plane is given by the expression 


VV = (saa) (i+ j) 


Which of the following gives the magnitude and direction (angle made with the 
z-axis) of the electric field intensity at the point (2,1)? 


(A) —v2/4, 7 (B) 1/2, —n/4 (C) V2/2, m/4 (D) 1/2, 1/4 


Since this is equivalent to the expression given, 


av\? (avy? 
a= areh) +(5) 
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Evaluating at the point (2,1), 


m 
E=V O0 


= 1/2 
The angle from horizontal that the E field is directed is 


E. 
tanð = = 


The answer is (D). 


DC ELECTRICITY-14 


An electric dipole is placed in a uniform electric field of intensity, Æ. Given the 
information in the figure, what is most nearly the torque acting on the dipole? 


E = 0.09 N/C 
q=1.7C 
a = 63.5 mm 
8 = 30° 
(A) 1.7 x 1073 Nem (B) 3.3 x 10-3 N-m 
(C) 4.8 x 107? N-m (D) 9.5 x 107? Nem 


The torque is 
T = F(2a) sin @ 


F is the force from the electric field. 


S N 
F=Eq=0095x17C 


=0.15 N 
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DC ELECTRICITY 12-11 


Solving for torque, 
T = (0.15 N)(2) | SSE | sin 30° 
1000 —— 


9.5 x 107? N-m 


The answer is (D). 


DC ELECTRICITY-—15 


Current i is applied to a long N-turn solenoid with cross-section area A and 
length d. The magnetic field intensity inside the solenoid is H = Ni/d when d 
is very large. What is the inductance of this long solenoid in air? 

WNA poN?”A HoN A HoN 


The magnetic flux passing through one turn of the solenoid is 


(D) 


dı = | B-48 = mHA 


The total flux enclosed by the N turns is obtained by summing the 
contribution of all the turns. 


b= > ©, = WNHA 


turns 


The inductance is 


Ni 


8 onna PN T)A aM 


4 i 1 d 
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DC ELECTRICITY-16 
Which of the following is NOT a property of magnetic field lines? 


(A) The field is stronger where the lines are closer together. 

(B) The lines intersect surfaces of equal intensity at right angles. 

(C) Magnetic field lines have no beginnings and no ends. 
(D) The lines cross themselves only at right angles. | 


Magnetic field lines do not cross. Their direction at any given point 
is unique. 


DC ELECTRICITY-17 
The tesla is a unit of 


(A) permittivity 
(B) capacitance 
(C) inductance 
(D) magnetic flux density 


The tesla is a unit of magnetic flux density. 


The answer is (D). 


DC ELECTRICITY-18 

The south poles of two bar magnets are 7.5 cm apart in air. The magnets are of 
equal strength and repel each other with a force of 4.9 x 10-4 N. What is most 
nearly the strength of each magnet? 


(A) 6.6 x 10-§ Wb (B) 0.86 Wb 
(C) 11 Wb (D) 53 Wb 


The force between two magnets of strength Mı and Mg is 


MM, 


F aa 
4rur? 
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Mı = Mo. Therefore, 


M = V/4rpr?F 
= T G x 10-7 =} (0.075 m)?(4.9 x 10-4 N) 
m 


= 6.60 x 107° Wb [unit poles] 


The answer is (A). 


DC ELECTRICITY-19 


A conductor has length of 1 m, electrical resistivity of 0.1 2-m, and area of 0.01 
m*. A uniform direct current having a density of 100 A/m? flows through this 
conductor. What is the power loss in the conductor? 


(A) 0W (B) 1W (C) 10 W (D) 100 W 
The resistance of the conductor is 


_ pL _ (0.1 Q-m)(1 m) _ 
a 0.01 m? SMR 


The current flows through the conductor is 


A 


I=JA= (10 4) (0.01 m?) =1 A 


Therefore, the power consumed in the conductor is 


P = PR = (1 A)? (10 9) = 10 W 


The answer is (C). 


DC ELECTRICITY-20 
For a field given by B = pH (Wb/m?), what is the energy storage per unit 
volume? 

_ B . H? . HP n~n HP 
A) U= B) U = — cd) U= > D) U = — 
(A)U=5-  ®ı ()U=5- M)U=5, 
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The energy stored in a magnetic field H per unit volume is U = 
‘ABH. Since B = pH, H = B/p. Therefore, 
B_ B 


a cal ar 


The answer is (A). 


DC ELECTRICITY-21 
The magnetic flux density, B, and the magnetic field intensity, H, have the 
following relationship. 

B= po(H + M) 


Ho is the permeability of free space (in H/m), and M is the magnetic polarization 
of the material (in A/m). If B is increasing, which of the following may be true 
about the state of metal X at a value of H = 100 A/m? The B-H curve of the 
metal is as shown. 


B (Wb/m) 


1.0 }---== 


100 H(A/m) 


) B=0.6 Wb/m; metal X is nonferrous 
) B=0.6 Wb/m; metal X is ferrous 

(C) B=1.0 Wb/m; metal X is nonferrous 
) B=1.0 Wb/m; metal X is ferrous 


Nonferrous metals do not exhibit hysteresis; hence, metal X is ferrous. 
The hysteresis curve follows a counterclockwise path. Therefore, for 
B to be increasing at an H value of 100 A/m, B = 0.6 Wb/m. 


The answer is (B). 
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DC ELECTRICITY—22 


Two identical coils of radius r are placed at a distance r apart as shown. Such 
a configuration is called a Helmholtz coil. Which of the following describes the 
magnetic field created by passing a uniform current through the assembly? 


r 


) The magnetic field is negligible regardless of the magnitude of T. 
) The magnetic field is zero midway between the two coils. 

) The magnetic field is fairly uniform between the two coils. 

) 


(A 
(B 
(C 
(D) The magnetic field is zero at the centers of the coils. 

The magnetic field between the two coils is the superposition of the 
field created by each coil. Since the currents in both coils are in the 
same direction, the direction of each individual magnetic field is also 
the same, using the right-hand rule. Therefore, the fields will not 


cancel each other. 
Since the two coils are circular with their centers aligned, the field 
between them will be fairly uniform. 


The answer is (C). 


DC ELECTRICITY -23 
Which statement is true? 


(A) Magnetic flux lines have sources only. 

(B) Magnetic flux lines have sinks only. 

(C) Magnetic flux lines have both sources and sinks. 
(D) Magnetic flux lines do not have sources or sinks. 


Magnetic flux lines are closed loops with no sources or sinks. No 
known particle produces lines of magnetism. 


| The answer is ©). | 
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DC ELECTRICITY-—24 


A charge of 0.75 C passes through a wire every 15 s. What is most nearly the 
current in the wire? 


(A) 5.0 mA (B) 9.4 mA (C) 20 mA (D) 50 mA 
Current is the charge per unit time passing through the wire. 


(0750) (1000 ma) 


eres 
aoa 15s 


The answer is (D). 


DC ELECTRICITY-25 


What is most nearly the total resistance between points A and B? 


A A, =20, c m=52 p 


12y = Ry=15V 


B 
(A) 0Q (B) 129 (C) 169 D) 222 


The total resistance is the sum of the resistance between points A and C, 
plus the equivalent resistance of the resistors in parallel between points 


C and B. i 
Rtota = Ri + Ra || (Re + Rs) 
1 
= & S S 
R latie 
x 1 
=p E 
202 5024152 
=202+4+100 
=120 


The answer is (B). 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


‘= S a 


atenienii 


DC ELECTRICITY 12-17 
DC ELECTRICITY—26 
What is the total resistance (as seen by the battery) of the following network? 


62 120 62 


(A) 6.02 (B) 122 (C) 159 (D) 242 


AB is a short circuit. Therefore, the rest of the circuit does not con- 
tribute to the resistance. The effective circuit is 


R, =60 Ay = 120 


Riot = Ri + Re || Rs 


1 
ae T 


Rs Be 
1 
=6 Q+ r a i 
120 1202 
=6§60+4+602 


=120 


The answer is (B). 
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DC ELECTRICITY-—27 


In the circuit shown, R = 10 Q, and the electromagnetic force, V, is 2 V. What 
is most nearly the current, I? 


(A) 0.10 A (B) 0.30 A (C) 0.67 A (D) 3.3 A 


1 
Riotal = R II 2R = I 1 


+ OR 


ol 


2R 

“2 

_ (2)(10 9) 
3 

= 6.67 2 


Use Ohm’s law. Current is calculated as voltage divided by total 
resistance. 
_ Vv 
Rtotal 


o 2y 
~ 6.67 0 


= 0.30 A 


The answer is (B). 
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DC ELECTRICITY—28 
Find the current passing through the 3 Q resistor. 


629 A 122 Bp 69 


(A) 0A (B) 0.3 A (C)1A (D) 4A 


Current from a battery will always follow a path of zero resistance in 
a circuit. Instead of flowing through the 3 Q resistor and its neighbor- 
ing resistors, the current will follow the path BCDE, a short circuit. 
There will be no current in the resistor. 


The answer is (A). 


DC ELECTRICITY-29 
What is most nearly the current passing through the 30 2 resistor? 


(A) 0.0 A (B) 29 mA (C) 50 mA (D) 57 mA 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


Ed 5 E s 


12-20 1001 SOLVED ENGINEERING FUNDAMENTALS PROBLEMS 


R = 100 


The circuit is symmetrical. Therefore, a current, J4, flows through 
the resistors, Ri, and Rg. Another current, J2, flows through resistor 
Ry. From Kirchhoff’s current law at point A, 


So r=0 
Ig = 21; 
Using Kirchhoff’s voltage law around the loop ABCDA. 
V = Roh + Rah 
2V = (30 Q) + (10 ©) 
QV = (30 )(2h) + (10 Yh 


2V = (70 Q), 
I, = 0.0286 A 
In = 2h, = (2)(0.0286 A) (100 TE) 
= 57 mA 


The answer is (D) 


PROFESSIONAL PUBLICATIONS, INC. 
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DC ELECTRICITY-—30 
What is most nearly the current through AB? 


(A) 0.5 A (D) 4A 


hth 


By redrawing the circuit and designating the currents as shown in loop 
ACBA, the currents through the remaining loops can be expressed in 
terms of Iı, Ig, and I}. Since voltage equals resistance multiplied by 
current, for loop CDAC, 


60 V = (5 9) (Ip — Iz) — (10 Q) (I + Is) — (10 9) 
27, —In+5Ig = —12 A 1 


For loop BEDAB, 


120 V = (10 O)(4, + I2) + (10 OY, + Ig) + (5 ONL 
0 = 257 + 10I + 1073 — 120 
5l + 2Ip + 213 = 24 A m 
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Around loop ACBA, 


0V=-( Q) + (10 Q) + (10 M 
I, ~ 2Ig-2I3 =0 A [117] 


Observe that adding Eqs. II and III can directly solve J. 


61, =24A 
h=4A 


The answer is (D). 


DC ELECTRICITY-31 


In the circuit shown, what is the current through CD? 


R=059 B R102 Cc 


Ry = 1.50 


cell 1 = 1.5 V cell2 = 1.5V 


(A) 0.20 A (B) 0.60 A (C) 1.0 A (D) 1.9 A 


R=050 B R=102 ¢ 


AR, = 0.50 B R=109 c 


i Ag = 150 ti 


cell 1 cell2= 1.5V 
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The method of superposition is used to find the current, J. Let J; be 
the current from cell 1, and let Jz be the current from cell 2. Then, 
I= L + J. Short circuiting cell 2 to find J, as shown in illustration 
(a), the equivalent total resistance is 


Riotal,1 = Ri + Re || Rs 


Paks _ 

Ro + Rg 

(1.5 QU Q) 
2.50 


=R + 


=0.502+ 


Short circuiting cell 1 to find Jy, as shown in illustration (b), the 
equivalent total resistance is 


Riotat,2 = Ra || Rg + R2 
Ri Rs 


= "Ria he + R2 
0.5 Q)(1.5 2 
-104 (95.9059) 
= 1.375 2 
ex 1.5 V 
1.375 Q 
=1.1 A 


The total current is 


I=h+h=0.82 A+1.1A 
=1.92 A (1.9 A) 
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DC ELECTRICITY-32 
For the network shown, find the voltage drop from C to D. 


R,=20 R=50 p 


c 


A 


12V = Ry = 182 


(A) 2.0 V (B) 2.5 V (C) 3.0 V (D) 8.0 V 
The total resistance is 


Riota = Ri + Re || (Rs + Ra) 


1 
ak a a 
—+—— 
Ro R+ R4 
1 
=204 -7 r 
WAT EAFA 
=12 Q 
V 12 V 
Tiotal — a = Poa =1 A 


Use a current divider to find the current in section CDB. 


toon = tous (Re) 
CDB = /total Rz F R3 ay 


=05 A 
Von = Icpge R 
= (0.5 A)(5 9) 
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DC ELECTRICITY-33 


Determine the voltage drop across the 4 Q resistor in the network shown. 


8.0 20 


(A) 4.3 V 


The network is redrawn with the currents and circuit points labeled 
as shown. The current through BE is equal to the sum of currents 
from AB and CB. 


Irre = +hbh=2A+h 
Kirchhoff’s voltage law around loop DCBE gives 
Von = Ryle + RelIgo 
6V = (2 Q)Io + (4 O)Ipe = (2 Q) + (4 Q)(2 A+ D) 
In = —0.333 A [opposite to the direction that it was defined] 
Ieg = 2 A — 0.333 A= 1.67 A 
Ver = (1.67 A)(4 2) 
= 6.68 V (6.7 V) 


The answer is (B). 
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DC ELECTRICITY-—34 


The voltage at point A in the network shown is most nearly 


30 30 


(A) 1.0 V (B) 2.3 V (C) 30 V (D) 4.5 V 
The circuit is redrawn. 


Superposition is used to find Io. 
I = Igy — hav 


Igy is the current through BA from the 6 V source, and J;2y is the current 
through BA from the 12 V source. The equivalent resistances are calculated 
by short circuit for each voltage source. 


Rev = Ra + Rı || R2 


1 
>it T 
R R 
1 
=6 Q+ T -J 
62 * 30 
=8 
Vev 6V 
Igy = = == =0.75 A 
Vv Rev zo 0.75 
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DC ELECTRICITY 12-27 
Riovy = Ri + Re || Bs 


=8 


Vivy "Re 30 12 V a 
ins E ee | EA 
= (a) (ast) Gale ) ie 


Iz = Iev — Nev 
=0.75 A— 0.5 A 
=0.25 A 

Va = Vev — hRg 
=6 V — (0.25 A)(6 2) 
=4.5V 


The answer is (D). 


DC ELECTRICITY-35 


What is the voltage drop across the 8 Q resistor in the following circuit? 


80 


(A) 8V (B) 12 V (C) 20 V (D) 22 V 
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Redrawing the circuit as shown, with Zg equal to the component of 
the current through the 8 Q resistor due to the current source, and 
Ty equal to the component of the current through the resistor due to 
the voltage source, 

Ign = Io — Iy 


But, Ic = 1 A, and Iy = 0 A. Therefore, 


Igqg=1A 
Van = IR = (1 A)(8 9) 
=8 V 


The answer is (A). 


DC ELECTRICITY-36 


Determine the voltage drop across the 6 Q resistor. 


80 40 


(A) 6.0 V (B) 9.0 V (C) 10 V (D) 18 V 
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DC ELECTRICITY 12-29 


From superposition, with Ic designating the current through the 
resistor from the current source, and Jy designating the current 
through the resistor from the voltage source, 


Igan=Ict+Iyv 


Iç and Iy are 


lo= QA) (qa) 


42 
=A) (zororen) 


= 0.667 A 


12 V 
E Rz + R3 + R4 


B 12 V 
~~ 42420460 


Is o =0.667A+1A=1.67A 
Ve o = Is oR = (1.67 A)(6 2) = 10 V 


Iy 


Iy =1A 


The answer is (C). 
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DC ELECTRICITY-37 
The rated voltage drop across a device is 50 V, and the current drawn is 30 A. 
What is most nearly the power rating of this device? 
(A) 0.66 hp (B) 1.0 hp (C) 1.5 hp (D) 2.0 hp 
Power is calculated as current multiplied by voltage. 


(30 A)(50 V) 


W 
746 
a 


=2.01 hp (2.0 hp) 


P=IV = 


The answer is (D). 


DC ELECTRICITY-38 


In the circuit shown, V = 6 V, and the internal resistance of the source, r, is 
1 Q. For a specific value of R, the power output is the maximum possible. What 
is most nearly this maximum output power? 


R 


(A) 4.5 W (B) 6.0 W (C) 9.0 W (D) 18 W 


Output power is given by the following expression. 


P= PPR 
V 
re ee 
RV? 
P= (Rar 
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DC ELECTRICITY 


Maximum power occurs when dP/dR = 0. 


i =V?(-AR+r) R+ (R+r)?)=0 
(R+r)? =2(R+r)3R 
R+r=2R 
R=r=12 
Therefore, the maximum power is 
_ RV? 
mx” (R+r)? 
_ (9)(6 Vv)? 
~ (192419)2 
36 
=9W 


The answer is (C). 


DC ELECTRICITY-39 
What is the time constant of the network? 
1 kQ 


| 


(A) 0.001 s (B) 10s (C) 100s (D) 1000 s 
The time constant, 7, is 


RC = (1000 2)(1 x 10-6 F) 
= 0.001 s 


1 pF 


T 


Ii 


The answer is (A). 
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DC ELECTRICITY—40 


= Vt 
(A) 0.75 uF (B) 1.0 uF (C) 2.0 pF (D) 4.0 uF 
1 pF 1 pF 
=q +49 z4 +9 


Cy, Vo 


=y+ 


By definition, g = CV. For capacitors in series, the charge, q, is the 
same on each capacitor. Therefore, 


V=VU+v2 
T es ie 
Ca G 
te 
C 0 2 
C= C1C,_ _ (1 wF)(3 uF) 


Ci +C 1 pF +3 uF 
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C ELECTRICITY 12-33 
DC ELECTRICITY-—41 
The equivalent capacitance of capacitors Cı and C2 connected in series is 
7.3 uF. If the capacitance of C, = 9.6 uF, what is most nearly the capacitance 
of Co? 
(A) 2.3 uF (B) 31 pF (C) 35 uF (D) 49 uF 
For capacitors in series, the equivalent capacitance, C, is 

Be gee 
C CO Q 
Ch = C1C_ _ (9.6 pF)(7.3 pF) 

2G, —-C 0.6 pF —7.3 pF 


The answer is (B). 


DC ELECTRICITY—42 


Find the voltage at point A at the instant the switch is closed. 


(A) 0.0 V (B) 1.0 V (C) 3.0 V (D) 12 V 


The initial current at t = 0* is zero, so there is no voltage drop across 
the resistor. The full 12 V potential appears across the inductor. 


Va = 12V 


The answer is (D) 
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DC ELECTRICITY—-43 
Which of the following statements regarding the motion of a conductor through 
a changing magnetic field is FALSE? 
(A) The lines of magnetic flux pass from the north pole to the south pole of 
the magnet. 
(B) When a conductor is “open circuited,” no current flows despite its motion 
through the field. 
(C) The conductor must move at constant velocity in order to generate a cur- 
rent. 


(D) A current flowing counter to the direction of the conductor’s motion will 
create a torque. 


A varying amount of flux gives rise to a current. Flux through a 
conducting loop can be varied either by changing the magnetic field 
or by changing the speed of a conductor through the field. Thus, a 
conductor accelerating through a magnetic field will generate current. 


The answer is (C). 


DC ELECTRICITY—44 


Modern locomotives are powered by DC motors driven by DC generators. These 
are, in turn, driven by diesel engines. Which of the following is the reason for 
using such a configuration instead of AC generator-motor sets? 


(A) The DC configuration provides high torque and good incremental power at 
low speeds, and performs equally well at high speeds. 


(B) The DC equipment is significantly less expensive. 


(C) Historically, the DC engine configuration has been used. There is no reason 
to change this. 


(D) By using the DC equipment, the power factor problems associated with 
AC equipment are avoided. 


At low speeds, the DC system is best because it gives high torque and 
excellent control. DC motors or generators generally cost more than 
AC units because they have windings on the armature, which the AC 
units lack. The power factor problem has nothing to do with the 
decision not to use AC systems. At low speeds, the torque delivered 
by AC units is poor. 
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DC ELECTRICITY—45 
In a DC motor, what is the definition of “field resistance”? 


(A) It is the load resistance seen by a generator without considering inductance. 
(B) It is the resistance of the excitation circuit. 

(C) It is the resistance of the armature windings plus the load resistance. 

(D) It is the static resistance of the motor. 


The field circuit is the circuit that excites the pole pieces, thereby 
producing the flux cut by the armature windings. The field resistance 
is the resistance of this circuit. 


The answer is (B). 


DC ELECTRICITY—46 


In a DC motor, which of the following does NOT cause sparking at a commuta- 
tor? 


(A) no load on the output leads 

(B) frozen armature 

(C) high brush contact resistance 

(D) graphite brushes with good contact pressure 


Sparking at the commutators results from having very low resistance 
at that point. It is normally associated with the use of copper or 
mainly copper brushes because the resistance of the brushes is non- 
linear and drops as current increases. 


The answer is (C). 


DC ELECTRICITY—47 


The armature in a DC generator has one or more pairs of conductors or coils in 
which current is produced. In general, which of the following is true about the 
amount of power produced? 


(A) No gain in power is achieved beyond four pairs of coils. 
(B) More coils give more power. 

(C) Power is related only to the number of poles. 

(D) Power is a function only of the output voltage and current. 
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Every coil that cuts the flux lines gives more power. It is desirable to 
place as many coils on the armature as possible. 


DC ELECTRICITY~48 


Which of the following limits the number of coils that may be placed on the 
armature of a DC motor or generator? 


(A) the type of winding used 

(B) the number of poles 

(C) the size of the load on the motor 

(D) coil to coil arcing due to the breakdown of insulation 


Coils must be well insulated from each other when spaced close to- 
gether, otherwise failure will occur due to arcing. There is also a 
physical limit on the number of coils that will fit on an armature. 
However, this is due to the volume of insulation material needed to 
prevent shorts. 


The answer is (D). 


DC ELECTRICITY-49 


The overall torque of a DC motor is 
T = Krolaz 


Kr is a constant for the particular machine, ¢ is the total magnetic flux per pole, 
Ia is the armature current, and z is the number of conductors on the surface of 
the armature. Which of the following is FALSE regarding the above equation? 


(A) It applies to both motors and generators. 

(B) It applies only to a machine having an even number of pairs of poles. 

(C) It applies since torque is indirectly dependent upon the pole winding current. 
(D) It applies whether or not there is a load on the system. 


The equation is valid for generators or motors having any number of 
poles. Option (B) is false. 


The answer is (B). 
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DC ELECTRICITY 12-37 
DC ELECTRICITY-—50 


A DC system can be protected from lightning by including a thyrite tube in 
the circuit that connects the high-voltage line with the ground. Which of the 
following is FALSE regarding a thyrite tube? 


(A) It maintains a very high resistance at or below the system operating voltage. 
(B) Its resistance becomes low at very high voltages. 

(C) It has a very fast recovery time with regard to voltage change. 

(D) Its fusable link melts at high voltages. 


The resistance of thyrite tubes drops significantly near the operating 
voltage, allowing large currents to be discharged. They do not melt 
at high voltages, but instead recover immediately after passing large 
currents to the ground. 


The answer is (D). 


DC ELECTRICITY-51 


The magnetic saturation curve limits the voltage at which a generator or motor 
can operate. Which of the following statements regarding saturation curves is 
FALSE? 


(A) As field current increases, the hysteresis effect limits the increase in the 
flux produced. 


(B) Poles that allow the production of more flux permit higher operating volt- 
ages. 


(C) More flux at a constant field voltage can be produced by increasing the 
number of poles. 


(D) Saturation does not depend upon the type of steel used in the poles. 


The magnetic permeabilities of steels vary greatly. 


The answer is (D). 
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DC ELECTRICITY-52 


Series and shunt motors are connected like series and shunt generators, respec- 

tively. The terms refer to the manner in which the self-excitation of the poles is 

connected to the unit. Which of the following statements is FALSE? 

(A) The torque curve of a shunt motor is linear. 

(B) Field coils of the shunt motor or generator are in parallel with the armature 
windings. 

(C) Field coils of the series motor or generator are in series with the armature 
windings. 

(D) The torque curves of both shunt and series motors are not affected by the 
value of the armature current. 


The torque for these motors is directly related to the armature cur- 
rent. 


The answer is (D). 


DC ELECTRICITY-53 

In terms of efficiency, shunt and series motors or generators have similar charac- 
teristics. Which of the following statements is FALSE? 

(A) Series motors have low torque at low speeds. 


(B) Shunt and series motors have approximately 80% efficiency above one-third 
of the rated load. 


(C) Efficiency decreases with lower speeds for both types of motors. 
(D) The two types of motors have very similar efficiency curves. 


Although the efficiency curves for the two types of motors both drop 
at lower operating speeds, they are still quite different. 


The answer is (D). 
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DC ELECTRICITY-—54 
What is pole pitch? 


(A) the mica used to insulate the poles from each other 
(B) the space on the stator allocated to one pole 
(C) the space on the stator allocated to two poles 


Pole pitch is defined as the periphery of the armature divided by the 
number of poles. Thus, it is the space on the stator allocated to one 
pole. 


The answer is (B). 


DC ELECTRICITY-—55 


Which of the following statements regarding a compound motor is FALSE? 


(A) It has a shunt winding. 

(B) It has a series winding. 

(C) It has commutators, armature windings, and field windings. 

(D) Its speed remains fairly constant when subjected to sudden loads. 


The advantage of a compound motor is its ability to respond to sud- 
den heavy loads. The motor’s speed is reduced quickly when the load 
is applied, transferring the kinetic energy of the system to the work 
area. 


The answer is (D). 


DC ELECTRICITY-56 
Which of the following does NOT contribute to core losses in DC motors? 


(A) eddy ċurrents in the armature 

(B) hysteresis losses in the armature 

(C) commutator losses 

(D) eddy currents and hysteresis losses in the armature 
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The induced eddy currents together with the hysteresis losses consti- 
tute the core losses. Commutator losses do not contribute to the core 
losses. 


DC ELECTRICITY-57 
Which of the following are power losses in a DC motor? 


(A) I?R losses 

(B) gear and frictional losses 
(C) hysteresis losses 

(D) all of the above 


All of the choices are types of power losses in a DC motor. Note that 
core losses include hysteresis losses. 


The answer is (D). 


DC ELECTRICITY-58 


Which of the following statements is FALSE regarding large DC motors? 


(A) To avoid flashover, the voltage difference between adjacent commutators 
should not exceed 15 V DC. 


(B) Two, four, six, or eight coils may be laid in a slot in the armature to make 
maximum use of the flux and to generate as much power as possible. 


(C) The pitch of the winding of a given coil is the number of slots spanned by 
the coil. 


(D) Wave winding does not pass under all poles at one time. 


The lap winding loops several times under the same poles, while the 
wave winding lies under all poles at the same time. 
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DC ELECTRICITY-—59 


generators? 

(A) The drooping load or decreasing terminal voltage characteristic of shunt 
generators makes two or more units operating in parallel more stable. 

(B) The use of several units makes maintenance and repair easier. 

(C) The parallel configuration makes it possible to add units as needed, and to 
shut off unnecessary units at low load demands. 

(D) One large unit would be more expensive than the use of several smaller 
ones, even if it ran at full load at all times. 


Although it is rare to be able to load a unit fully at all times due to 
maintenance considerations, one large unit operating as such would 
be more economical. 


The answer is (D). 


DC ELECTRICITY —60 


How many commutators does a DC machine require to produce the waveform 
shown? 


(A) two (B) three (C) four (D) five 


\ \ V \ \ 
Nef ONLY ONLY ONL ONLY ONLY 
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Two commutators are needed for each coil. Each coil produces a 
single sine wave. If the alternate peaks in the figure are reversed, two 
full sine waves are described. Therefore, since there are two coils, four 
commutators are needed. 


(C) 


DC ELECTRICITY-61 


A generator provides power to a load dissipating 160 kW. Current flows over 
760 m of two-conductor copper feeder having a resistance of 0.026 2 per 100 m. 
The generator voltage is constant at 800 V. What is most nearly the voltage 
delivered at the specified load? 


(A) 612 V (B) 652 V (C) 702 V (D) 710 V 


Since it is a two-conductor feeder, the total resistance of the feeder is 


R= 2Lrotalt 
0.026 Q 
= (2)(760 m) ( or ) 
= 0.40 2 


By definition, V = IR. 


Viona = 800 V — I(0.40 9) 


q = 800 V = Viona 
~ 040R 


Using this equation for J, the expression P = VI gives 


160000 W = IVoaa 


__ (800V = Viona) y 
= 0.40 2 rane 


64000 = 800Vioad — Vizag 


0 = Vaa — 800Vioaa + 64 000 
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Solving for Vioaa; 


(4)(1) (64000) 


800 V+ 
Vioad a = 


= 90.2 V or 710 V 


(800 V} — 
i 2 


Of the choices, the only reasonable voltage is 710 V. 


The answer is (D). 


DC ELECTRICITY-62 


In a DC machine, if the field current Jy increases to 2Iy, what will the new 
torque be as a function of the initial torque, Tm? Neglect saturation. 


(A) Tm (B) 2Tm (C) 4Im (D) Tm? 


The mechanical torque produced is 


60 
Tm = praat 


The magnetic flux, Ë, generated by the field is 
= Kyl; 
Therefore, the new torque is 


60 
Toow = zz KaK g2IpIa = Tm 


The answer is (B). 
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AC ELECTRICITY-1 


An alternating current with a frequency of 60 Hz is passed through a moving coil 
galvanometer that measures DC current. What will the galvanometer reading 
be equal to? 


(A) the peak value of the AC current 
(B) the average value of the AC current 
(C) the rms value 

(D) a negligible amount 


If the galvanometer is designed to measure DC current, it will not be 
able to respond quickly enough to measure an alternating current of 
60 Hz. The reading will be negligible. 


The answer is (D). 


AC ELECTRICITY-2 
Which of the following effects are generally less for an alternating current than 
for a direct current? 
(A) heating effects (B) chemical effects 
(C) magnetic effects (D) impedance 
Chemical effects are generally less for an AC current than for a DC 
current. Heating and magnetic effects are generally greater for an AC 


current than for a DC current. Impedance for an AC current is either 
larger than or the same as a DC current. 


The answer is (B). 
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AC ELECTRICITY-3 


The following two sine waves, K and M, are plotted as phasors. Determine 
which of the numbered vectors—vi, Vz, v3, or v4—corresponds to K. 


K= Ky cos (wt + 0) 
M = Ma cos (wi 


(A) K=vy (B) K =v (C) K =v; (D) K=va 


The magnitude of the vector corresponds to the amplitude of the 
wave. Thus, the vector, K, is longer than M. All angles are measured 
from the positive z-axis, with a leading angle measured counterclock- 
wise by convention. Therefore, since the peak of K leads that of M 
by less than 90°, the K vector lies in the first quadrant. The only 
choice satisfying these conditions is option (D). 


The answer is (D). 
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AC ELECTRICITY—4 


6 8? 
(A) 0A (B) r/6A (C) 1.5 A (D) 6/r A 
If T is the total period of time and I(t) is the current as a function 


of time, the average current is 


1 T 
Ire zi I(t) dt 


Therefore, for the particular AC current, 


: 17 
Lg = F 3 cos 100rrt dt 
6 Jo 


1 6 
= 7 cos 100rt dt 
2 Jo 


1 
2007 
=0OA 


6 
sin 100mt l 


The answer is (A). 


AC ELECTRICITY-5 


What is the Ims value for the waveform shown? 


v2 v3 v10 


(A) œ) Br © Ee 


4 


If T is the period and J is the current, the rms (effective) value is 


1 T 
Ims = 4] 7 I P (t)dt 
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For the square wave shown, 


Therefore, 


Irms = 


The answer is (C). 


AC ELECTRICITY—6 


A sinusoidal AC voltage with an rms value of 60 V is applied to a purely resistive 
circuit as shown. What steady voltage most nearly generates the same power as 
the alternating voltage? 


(A) 38 V (B) 42 V (C) 60 V (D) 85 V 
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By definition of average power, 


Fong E ? 

P, ave R ve R 
E= Ems 
=60 V 


AC ELECTRICITY-7 


What is most nearly the average current through the resistor, R, in the rectifier 
shown? Assume ideal diodes. 


(A) 0.0 A (B) 0.76 A (C) 3.1 A (D) 4.8 A 
The type of rectifier shown is a “full wave” rectifier, with an average 
current of 

I = Eave 
ave R 


Eae for a full-wave rectifier is 


= i fT l 
Eave = F) (120 V) sin wt dt 
T Jo 
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In the preceding equation, T = 27 /w. 


9 T/2 
Eae = = f (120 V) sin wt dt 
T Jo 


Ur) =) 
G 


T/2 


0 


ll 


Therefore, 


1. (240N) (1 
Se T 95 2 


= 3.06 A (3.1 A) 


The answer is (C). 


AC ELECTRICITY-8 


For the circuit shown, J; = Jz before the switch is closed. If the switch is closed 
at time t = 0, what is the behavior of I, at t = 0? 


R, Lı I; 


L switch closed 
E= L att=0 


(A) I is discontinuous and decreasing. 
(B) J; is discontinuous and increasing. 
(C) J; is continuous and decreasing. 
(D) J; is continuous and increasing. 


For t < 0, the current travels through Lı and Le. After the switch is 
closed, J; = Ig + I3, with Iz slowly decaying through the short. As 
t goes to infinity, the current will travel around the outer loop with 
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I = 13 = E/R; and h =0. Att <0, = I = E/(Ri + R2), but 
for t > 0, 


E 
= —Rıt/Lı = — e` mit/Li 
I(t) = I (0)e + (=) (a e ) 


E —Rıt/Li =) —Rit/L 
=f ——__ tit <_ _ dtt Gi 
(z Ta) i +a (1-e ) 


ee Ga) PETTA 
Rı Rı(Rı + Re) 


L= E t=0 
1 R, + Ro 


Therefore, J; is continuous and increasing at t = 0. 


The answer is (D). 


AC ELECTRICITY-9 


A 2 pF capacitor in the circuit shown has a reactance of Xo = 1500 Q. What is 
most nearly the frequency of the AC source? 


R; 
E == 2 pF 
Ry 
(A) 3.0 Hz (B) 53 Hz (C) 60 Hz (D) 120 Hz 
The reactance is 1 
o= gO 
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Therefore, 
1 
oe 
The frequency is 
j= wo 1 
~ m InCXe 
1 
~~ 27(2 x 10-6 F)(1500 2) 
= 53 Hz 


The answer is (B). 


AC ELECTRICITY-10 


If the capacitor and the inductor in the circuit shown have the same reactance, 
what is most nearly the frequency of the AC source? 


R, 
50 mH 
En sin wt 
15 pF 
Ry 
(A) 27 Hz (B) 180 Hz (C) 210 Hz (D) 1200 Hz 


If the inductor and capacitor have the same reactance, then 


1 
ae 
> 1 
2 
” =L 
TO S 
VCL 
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The frequency, f, is 


1 


=184Hz (180 Hz) 


AC ELECTRICITY-~11 


An alternating voltage of E = 10sinwt V is applied to the RCL circuit shown. 
What is the effective current, Ims, if the circuit is in resonance with the driving 
voltage? 


L 
10 sin wt 50 0 
Cc 
(A) 0.141 A (B) 0.200 A (C) 7.07 A (D) 7.14 A 


At resonance, the impedance of the circuit is equal to the impedance 
of the resistor. Therefore, 
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Additionally, 


AC ELECTRICITY-12 


In the RCL circuit shown, R = 10 2, C = 30 „F, and L = 0.5 H. At ap- 
proximately what frequency will the rms current be one-third of the maximum 
possible rms current? The magnitude of the current is 


-1/2 
rae(R+(or-L)Y 
wO 


100 


Em sin wt = 30 pF 


0.5H 


(A) 37 Hz (B) 41 Hz (C) 46 Hz (D) 160 Hz 
The maximum rms current occurs at resonance. That is, 


Erma 


I, rms,max — R 
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For the rms current to be one-third of the maximum, 


1 Erms Erms 
3\ R] 1\2 1/2 
R2 Y PE 
(z + (0 5) ) 
E 1 
3R ‘nA 
2 ee 
(z + (wt Jo ) 
1\2 
p2 y PAN ii = 2 
R+ (e Jo 9R 
1\? 
— = 2 
(ot We: 8R 
1 
wL- — = 2V2R 
2L 2V2Rw a 0 
L LC 
Solving for the positive w value, 
OVR [1 
© L L LC 
_ Daa) /(2)(10 2)? 1 
~ 05H (0.5 H)? (0.5 H)(30 x 10-8 F) 
= 288 s”! 
a 
~~ On 
288 
= 8 
27 
= 45.8 Hz (46 Hz 


The answer is (C). 
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AC ELECTRICITY-13 

Which of the following statements regarding transformers is FALSE? 

(A) The copper losses (J?) in the primary and secondary coils are equal. 

(B) Transformer power losses are generally low, approximately 1-3%. 

(C) Power losses in transformers are converted to heat, which is then dissipated. 


(D) One three-phase transformer weighs more than three equivalent single- 
phase transformers. 


Power conversion using a three-phase transformer is more efficient 
than conversion using three separate single-phase units. Reduced 
weight and space requirements are obtained for the three-phase 
transformer. 


The answer is (D). 


AC ELECTRICITY-—14 


An ideal step-up transformer with a power factor of 1.0 is used in the circuit 
shown. The turns ratio is 70, and the primary rms voltage is 120 V. What is 
most nearly the average power dissipated due to the resistance, R? 


120 Vrms || R=100 


(A) 17W (B) 29 W 
(C) 8.4 x 104 W (D) 7.1 x 10° W 


For an ideal transformer, the turns ratio is 


Vims,2 = 70V;ms,1 
= (70)(120 V) 
= 8400 V 
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Since power is given by P = I'R = V?/R, 
v2 
Pave,2 = mee 
_ (8400 v)? 
~ 102 
= 7.06 x 10° W (7.1 x 10ê W) 
There is no power loss in the primary circuit. 


The answer is (D). 


AC ELECTRICITY-15 


In a transformer, the total voltage induced in each winding is proportional to 
the number of turns in that winding. 


Disregarding all losses, determine Eg. 


120 V 
i 7 a3 l 


m=200 m=50 nąa=100 nm = 300 


(A) 45 V (B) 65 V (C) 75 V (D) 90 V 
From the ratio given, 
F = Ey 
ni 
E; = SB, 
NA 


- (9) (B) 


The answer is (D). 
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AC ELECTRICITY-—16 


Determine the resonant frequency, w, of the circuit shown. 


1 : 
ao ne 
1 
y a 
o = Te 
es 
VLC 


The answer is (A). 


AC ELECTRICITY-17 


Determine most nearly the power angle, ¢, in the AC circuit if R = 25 Q, 
L =0.2 H, V = 200 V, and f = 30 Hz. 


(A) 36° (B) 46° (C) 52° (D) 57° 
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The power angle is the impedance angle. The impedance for the 
circuit is 
Z=R+ 9X1. 
= 25 Q + j2r (30 Hz)(0.2 H) 
= 25 Q + 937.7 Q 
XL 
tang = => 
ang R 


4 (37.79 
oe Gar 


= 56.5° (57°) 


The answer is (D) 


AC ELECTRICITY-—18 


Approximate the impedance of the circuit. The line current is I, and the line 
voltage lies along the real axis (i.e., has a zero phase angle). 


R, = 209 
E=120V 
Xo = 200 


(A) 122 (B) 132 (C) 149 (D) 152 
L-E EEA] 
1 Z Ri+tjX, \RitGXt/) \Ri-jXL 


-E Rı-jXL 
Ri + Xz 


= 10 2 — j12 0 
=a (as Q)? + (12 ay) 
= 4.92 — 75.9 A 
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pa E =(_2 ) (#222) 
° Ra-jXe \Ra—jXe/} \Ra+jXo 


200472002 ` 
(20 2)? + (20 Q)2 
=3+4+ 73.0 A 
The total current is 


I=],4+kh 


= (4.92 — 75.90 A) + (3 + 73.0 A) 
= 7.92 — j2.90 A 


The impedance is 


z- E _ 120+j0V 
“I 792-729 A 


= 13.44 74.900 
Z=(Z| 


ee En 
= J(13.4 9) + (4.90 2)? 


=14.3 Q (142) 


The answer is (C). 


AC ELECTRICITY-19 


What is most nearly the power factor for the following circuit? The total 
impedance of the circuit is Z = 13.4 + 74.99. 


E=120V 


(A) 74% (B) 79% (C) 84% (D) 94% 
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The power factor is 


cosg = 5e -E 


P, apparent 


Since R = 13.4 Q and Z = 14.3 Q, 


13.49 a 
TET i 100% = 93.7% (94%) 


cosġ = 


The answer is (D). 


AC ELECTRICITY-20 


What is the input impedance of the ideal op amp shown? 


Ry 
F output 
input 
Ry ER 
Re Rı R3 
A) R B) R Cc) == D) ——— 
(A) Ri (B) R3 (C) g T D) RR 


To find the input impedace, a test voltage, Vr, is applied to the 
input. The resistance seen by the test voltage will be equal to the 


impedance: Rin = Vr/Ir. The circuit can be replaced with its equiv- 
alent. 
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By Kirchoff’s law, Ir = Ig + 14). In an ideal op amp, there is 
no current drawn by the positive and negative terminals. Therefore, 
K) = 0 and Ir = Ig. Around that loop, 


: Vr 
p= tt 
T=% 
Vr 
T= Ba 
Vr 
ha 
= Ry 


AC ELECTRICITY-—21 
What is the input impedance of the following ideal op amp? 


Ro 
R, 
mpat output 
l Ro Ri 
B) R — D) —— 
(A) Ri (B) Re (C) A (D) Ri ke 


To find the input impedance or resistance, the circuit is examined 
using a test voltage, Vr, and a test current, Ir. The circuit diagram 
becomes 
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AC ELECTRICITY 13-19 
The input resistance will be 


Vr 
Rin ani Tr 


For an ideal op amp, the voltage at the (+) terminal equals the voltage 
of the (—) terminal. Therefore, V = 0 and 


I -Yr-V_Yr 
rR Bi 
_y, i 

Rin = Vary 


AC ELECTRICITY—22 


What is most nearly the output impedance, Rout, of the circuit shown? Assume 
no current is drawn at the (+) and (—) inputs, and that the op amp has a small 
internal resistance, Rint, at the output. 


Ry Rint 
o int 
9) Ri + Rint 


(A) Rint (B) Ry (D) 0 
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In terms of its operation, the op amp diagram is like the solid part in 
the following illustration. 


F= 


l 
! 
l 
l 
l 
| 


Ay is very large. To find the output resistance, a test voltage, Vr, is 
attached to the output and the input is grounded. Then, 


The test current, Ir, is equal to the internal current, Jint, plus the 
forced current, Jy. Since the inputs draw no current, Zp = 0, There- 


fore, o 
= In — int 
i : Rint 
_ Vp -(-AvV) 
Rint 


Since no current is drawn at the inputs, the (+) input is at 0 V, and 
the (—) input is at Vr, so that V = Vp. Thus, 


p _ Wea+A) 
int — Rint 
Vr _ Fim 
Lint I+ A 
_ Vr _ Rint 
seca ia 


Since Ay is very large and Rint is very small, 


Rout %0 
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AC ELECTRICITY—23 
The 700 Hz signal shown is injected into the circuit shown. What will be the 
+15 V 


output signal? 


18V 
1BVE 


(A) 
v 
(700 Hz) 9V 
ov 


+9V 


(B) 
v 
(2100 Hz) OV 


(D) 
v. 
(700 Hz) © V 


-9 V 
The op amp part of the circuit is a simple noninverting amplifier with 


a gain of 
Vot _10V+20 V _ 
Va DV A 
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The input into the amplifier is a high-pass filter with a cutoff fre- 


quency of 
f= RO = ST 
© 2nRC  2r(40 x 108 Q)(0.02 x 10-6 F) 
= 200 Hz 


Thus, the AC component of the signal will pass through and be 
amplified three times, while the DC component will be cut out, result- 
ing in a 9 V amplitude sinusoid centered about 0 V. This is known 
as an active high-pass filter. Thus, the correct output is shown in 
option (D). 


The answer is (D). 


AC ELECTRICITY—24 


The signal shown is the input to the ideal op amp. Which of the choices is the 
output signal? 
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13-23 
(C) 


Vout 


Vout 


Since the amplifier is an inverting amplifier, 


9 kQ 
Vou =~ ( ) Via = -3V 


3 kQ 
Both the DC and the AC components will be amplified. The DC 
component is (~3)(3 V) = —9 V, so the new waveform is centered 


at V = —9 V. The AC component is (3)(8 V) = 24 V peak-to-peak. 
Since the amplifier has only a 15 V source, though, the voltage will 
be clipped at +15 V. Since it never goes to +15 V, the upper half of 
the output signal will be intact, and the lower half will be clipped at 
—15 V. 


The answer is (D). 


AC ELECTRICITY—25 
Two AC signals, Vı and Vo, are to be combined such that 
Vout = iV = BV, 


The subtracting amplifier circuit shown is used. What must be the values of Ri, 
Ro, R3, and R4? 


Rg 


© Vout 
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(A) Ri =2kN, Ro =2kN, Ry =5 kQ, Ry =3kOQ 
(B) Ry =2kM, Re =4kQ, Ra =5kO, Ry =3kO 
(C) Ry, =4kO, Rp =8kO, Rg =10 kQ, Ry=2kO 
(D) Ri =5kO, Re =3kO, Rg=4kQ, Ry =2kO 


The output for this op amp configuration is 


Y-VeE 
Vout = Vi-y — (452) Ra 


Rı 
(+B) rn 
Additionally, 
V-) = Vay = Va (atx) 
Therefore, 


_ {hit R3 R4 Rg 
Vou = ( Ry ) (ete) Ry! 


The ratio R3:Rı must be 5:2. Therefore, the initial values Ry = 2 kQ 
and R3 = 5 kQ are chosen. Thus, the coefficient of Vz is 


(==) Ry = € kQ+5 =)( Ry = 3/2 
Ry Ro+ Ra) 2 kQ Ro+ Ra) 


(3) (astm) =” 


Rai 
Ro+ Ra ay 


TR; = 3R + 3R4 
4R4 = 3R 


Try the values of Rz and R4 in the four answer choices to see if they 
satisfy the relation. 
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_ (2kN+5 kO 3kQ 5 
Vous = ( 2k ) (m) m 


= 3V2- Vi 


woen 


The answer is (B). 


AC ELECTRICITY—26 


A sinusoidal signal with maximum voltage, Vo = 30 mV, is to be amplified 
without inversion to at least 0.3 V. Which of the following operational amplifier 
configurations will best achieve this? Assume ideal op amps. 


90 kQ 


(A) 


Vout 


90 kQ 


(B) 


“out 
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90 kQ 


A noninverting topology is required. The resistances and voltages are 
labeled in the following illustration. 


Vout 


For this topology, 


Rıi+R 
Vout = (=>) Vin 


The voltage has to be amplified by a factor of 10 in order to get 
30 mV up to 0.3 V. 2 

Ry + Ro _ 

Ro 


Ry, = 9R2 


10 
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Rin is not important, since very little current is drawn through it. Of 
the answer choices, options (A), (B), and (D) are the correct topolo- 
gies, and options (A) and (B) have the correct R; to Re ratio. The 
next criterion is that the supply voltage, +Vcc, must be greater in 
magnitude than the output voltage, or clipping will occur. Since op- 
tion (A) has a negative input supply of 0 V, it will clip the output. 
Only option (B) will satisfy all requirements. 


The answer is (B). 


AC ELECTRICITY—27 

In the ideal op-amp configuration shown, Vout = 12 V sinusoidal as shown in the 
waveform, Rr = 60 kQ, Ry = 30 kQ, and Rz = 10 kQ. Nothing is known about 
the inputs except that Vj = 5V2, and that they are 180° out of phase with the 
output. From this information, what are the maximum voltages of the inputs? 

Rr 
Ry 
vi 


Vout 


vı 


Ry 


(A) Vi =0.75 V, Vz = 3.75 V 
(B) V, =5.00 V, Vz = 1.00 V 
(C) Vi = 12.5 V, Vz = 2.50 V 
(D) Vi =3.75 V, Va = 0.75 V 
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This is an adding amplifier with an output of 
Vv V, + avi 
ou = 
ns -(% j 2) 


It is known that Vi = 5V2. Substituting this into the equation for Vout and 
evaluating with the given A values and Vout, 


60 kQ 60 k9 
Mes (5 in) ovat (3 is) va) 


Və = —0.75 V 
Vi = (5)(—0.75 V) 
= —3.75 V 


Since the output is a sinusoid, the inputs must also be sinusoids. It is 
known that they are 180° out of phase, which is confirmed by the negative 
sign of the voltage. Thus, the maximum voltages are Vj = 3.75 V and 
Vo = 0.75 V. 


The answer is (D). 


AC ELECTRICITY-28 


A zero-crossing detector is needed for the noisy circuit shown. The phase of the 
detector output is not important. (That is, the detector can show a time lag.) 
Which of the following op amp configurations would be best? 
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AC ELECTRICITY 


(B) 


Vout 


Because of the noise, a simple comparator such as in option (A) will 
not work. There will be false zero crossings where the noise crosses 
zero at the signal crossing. 


The configuration shown in option (C) will not work for the same 
reason as the comparator. The device shown in option (B) is a nonin- 
verting amplifier, which will amplify the entire signal. A device with 
hysteresis, such as a Schmitt trigger, is needed. Such a device will not 
change until a threshold is reached, and will not change again until 
the negative threshold is reached. The configuration is 
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l +R: 
Vehreshold = (=) Vec 


The only Schmitt trigger circuit is given in option (D). With the Ry 
and Rg resistances shown, it will trigger at V = (1 kQ/2 kQ+1 kQ) 
(15 V) =5 V, which will work. There will be some delay, and the 
signal will be inverted. 


AC ELECTRICITY-29 


A 30 mV sinusoidal signal must be inverted, amplified to 6 V, and chopped at 
4 V. If the following circuit is used, what are the values of Ri, Re, and the 
avalanche voltage of the zener diodes, Z? There is a forward voltage drop of 
—0.7 V for the diodes. 


30 mV 
input OV 
-30 mV 


6V 
4V 


output OV 


-4V 
-6V 
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Ry, =1 kQ, Re = 20 k9, 7=4.0V 

Rı=1 kQ, Re = 200 kQ, Z = 4.0 V 

Ri =2 kQ, Rz = 400 kQ, Z = 3.3 V 

Ry =2kO, Re = 800 kQ, Z = 3.3 V 

The amplification is similar to that found in the normal inverting 
amplifier. 


Vout = -By 

Ro = Vout ae 6V o 

Ri Va 30x10 V 
= 200 


This leaves options (B) and (C) to be the possible choices. 

When +Vout < Z, one of the diodes will be reverse biased, but not 
avalanched. There is essentially an open circuit across the diodes, 
and the amplifier is a simple inverting amplifier. When Vout > Z, 
one of the diodes is forward biased with a voltage drop of 0.7 V, while 
the other diode is avalanched at the zener voltage. This keeps Vout 
constant. Thus, Vous = 4 V is equal to the zener voltage plus the 
0.7 V voltage drop of the other diode. 


Vout = Z2+0.7 V 
Z=4V-0.7V=33V 


So, Re = 200 Rı and Z = 3.3 V. 


The answer is (C). 


AC ELECTRICITY-30 


An AC alternator operated as a motor is called a synchronous motor. Which of 
the following statements regarding synchronous motors is FALSE? 


(A) 
(B) 
(C) 


(D) 


The average speed, regardless of load, does not decrease, since the motor 
must operate at a constant speed. 

When a load is increased, the increased torque is a result of the shift in the 
relative positions of the fields on the rotor and stator. 


The relationship between speed, frequency, and number of poles is the same 
for the rotating field of the induction motor and for the alternator. 


The poles of a synchronous motor must be salient. 
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Salient poles have laminated pole pieces. Although salient poles are 
generally used, either salient or nonsalient poles can be used in a 
synchronous motor. 


The answer is (D). 


AC ELECTRICITY-31 | 
Which of the following statements about induction motors is FALSE? 


_ (A) They are used to increase the line power factor. 

(B) They have no slip rings, no brushes, and no excited field current. 

(C) They have no commutators and no windings on the armature. 

(D) Squirrel-cage induction motors operate at essentially constant speeds. 


Induction motors degrade the power factor. All the other answer 
choices are true. 


The answer is (A). 


AC ELECTRICITY-32 


A single-phase induction motor is not self-starting. Instead, auxiliary methods 

must be used, such as varying inductance, resistance, and capacitance. Which 

of the following is FALSE regarding this situation? 

(A) A capacitor motor uses capacitance to split the phase, resulting in two 
phases almost 90° apart. 

(B) Capacitor motors have lower starting torque than comparably sized single- 
phase induction motors. 

(C) To obtain a higher reactance, a capacitor can be used when starting and 
then be switched out of the circuit by mechanical means. 

(D) If the capacitor remains in the circuit, the power factor will have a value 
close to unity. 


Due to the favorable phase relationship, the torque is higher for a 
capacitor motor than for other types of single-phase motors. For 


example, a capacitive phase split motor gives better torque than a 
resistively split motor. Therefore, option (B) is false. 


The answer is (B). 
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AC ELECTRICITY-33 


A squirrel-cage motor has such low resistance that it draws excessive currents 
when starting. Which of the following actions will NOT reduce this problem? 


(A) 


(B) 
(C) 
(D) 


connecting the windings as in a three-phase, wye, transformer, taking 58% 
of the normal line voltage; then, at sufficient motor speed, switching to a 
delta connection 


using an in-line rheostat 
using an autotransformer to reduce line voltage 
using a class A motor 


A class A motor draws a heavy starting current, usually 200-300% of 


the normal load. The other alternatives reduce the effective voltage 
across the windings, thus reducing the problem of excessive currents. 


The answer is (D). 


AC ELECTRICITY-34 
Which of the following statements about AC generators is FALSE? 


The poles of an AC generator are located on the rotor. 

The three main types of AC generator are direct-connect engine driven, 
water driven, and turbine driven. 

An AC generator uses commutators. 


Large turbine driven generators usually have two pole rotors to accommo- 
date the high speed of the turbine. 


Commutators are not used in AC machines. It is the relative motion 
between the rotor and the stationary armature located on the stator 
that generates the power. 


3 


The answer is (C 
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AC ELECTRICITY-35 


(A) The avoidance of harmonics in the production of a sine wave can be achieved 
by using a coil having multiple loops passing through adjacent slots rather 
than using only one pair of slots. 

(B) Uniformity in the production of flux on a pole can be obtained by using 
distributed field windings over a portion of the rotor surface. 

(C) AC generator ratings are usually given in units of kVA (kilovolt amps). 

(D) At zero power factor, the generator delivers real power to a load. 


A power factor of 1 delivers only real power and no reactive power to 
a resistive load. A zero power factor is associated with a nonresistive 
load or with no-load conditions. 


The answer is (D). 


AC ELECTRICITY-36 


In the following transistor circuit, @ is 100, and the DC base-to-emitter voltage 
is 0.6 V. What is the output voltage, Vout? 


(A) 0.3 V (B) 2V (C) 3V (D) 10 V 


= We = 10V 


Vi — Ve _ 3 V—0.6 V 
= = a Me € 12 
Ry 20 x 108 Q 0.00012 A (0.12 mA) 


Ic = (1 + 8)Ig = (1 + 100)(0.12 mA) = 12.1 mA 


Ig 


Vout = Voc — IeR2 = 10 V ~ (12.1 mA) (ma) (0.8 kQ) ( ae 


=0.3 V 
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AC ELECTRICITY-37 


The circuit shown represents a matched lossless transmission line. What is the 
maximum load voltage, Vr? 


v, = 5 


(A) 200 V (B) 300 V (C) 400 V (D) 500 V 


For a matched lossless transmission line, the characteristic impedance, 
Zo, equals the load impedance, Zz, with V; = Vr and J; = Iz as 
shown in the following illustration . 


Zi = jf400 0 i, 
> 


Z= 300 2 


V= 


Us 
h = 
1 Zi + Zo 
V, = LZ, = Cee 
L>414L > Zz, 4 Zo L 
Zr 


300 Q 
= (500 V) (aal) Da 
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AC ELECTRICITY-38 


A 10-pole synchronous motor operates on a 60 cycle voltage. What is the speed 
of the motor? 


(A) 520 rpm (B) 620 rpm (C) 660 rpm (D) 720 rpm 
The synchronous speed for AC motors is 
120f _ (120)(60 Hz) 


The answer is (D). 


AC ELECTRICITY-39 


The core of a 400 Hz aircraft transformer has a net cross-sectional area of 13 
cm?, The maximum flux density is 0.9 T, and there are 70 turns in the secondary 
coil. What is most nearly the rms voltage induced in the secondary coil? 


(A) 130 V (B) 150 V (C) 170 V (D) 1500 V 
The induced voltage is 


-Ny __ yt 
V = N= we, f Bas 


In the preceding equation, N is the number of turns, and B is the flux 
density in Teslas. B = 0.9sinwt, where w = 2r f = 27(400 rad/s). 


Therefore, 
V= -N“BA 
dt 
In the preceding formula, A is the cross-sectional area of the core. 
Therefore, : 
V= NwBA _ (T0)(27)(400 Hz)(0.9 T)(13 x 1074 m?) 


m= 3 
=146V (150 V) 


The answer is (B). 
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AC ELECTRICITY—40 


A 150 kVA, 1000 V single-phase alternator has an open circuit emf of 750 V. 
When the alternator is short circuited, the armature current is 460 A. What is 
most nearly the synchronous impedance? 


(A) 162 (B) 2.29 (C) 2.6 9 (D) 3.22 
Synchronous impedance, Z, is 


— Ve 


Z T, 


alternator is short circuited. Therefore, 


750V | 
Z= Taq = 1682 (1.69) 


The answer is (A). 


AC ELECTRICITY-—41 


In a balanced three-phase system with a power factor of unity, the line voltage, 
E, and the line current, J;, deliver normal AC power. What is the expression 
for the power, P? 


(A) P= Eyl; (B) P=1Eh 
(C) P= JE (D) P = V3 


The power developed by a three-phase generator is three times the 
coil voltage, Ee, multiplied by the coil current, Te. 


P=3E,I, 


The line voltage has the following relationship with the coil voltage. 


E = V3Ee 
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Therefore, since I, = I; for a power factor of 1, 


3 
P = — Fl 
a 


= VBE, 


The answer is (D). 


AC ELECTRICITY—42 


A three-phase alternator has three armature coils, each rated at 1200 V and 120 
A. What is most nearly the kVA rating of this unit? 


(A) 430 kVA (B) 440 kVA (C) 520 kVA (D) 540 kVA 
The kVA rating is equal to the power output. 
kVA = 3E, I, 
= (3)(1200 V)(120 A) 
= 432000 VA (430 kVA) 


The answer is (A). 


AC ELECTRICITY—43 


What is the relationship between the line current, J,, and the coil current, Ie, in 
a balanced delta system? 


de 


A) L= = B) I = — C) L=] D) I =v31, 
kS a BiS g (C) h= (D) n = vV3Ie 
The three-phase line-phase relations for a balanced three-phase delta 
system are 
I= V3lp = V3le 
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PHYSICS-1 
The figure shown is used to indicate combinations of color primaries for subtrac- 
tive mixing of colors. Which one of the following is true? 


LY 
v 


) 1 = green, 6 = magenta, 4 = yellow 
) 1 = yellow, 4 = blue, 7 = white 

) 1 = cyan, 5 = green, 7 = white 

) 1 = magenta, 5 = red, 7 = black 


This figure could be rotated so that 1 = magenta, yellow, or cyan. 
However, the only choice that has all three colors in the proper places 


is option (D). 


© 
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PHYSICS-2 
Which of the following statements is FALSE? 


(A) wavelength of visible light > wavelength of microwaves 
(B) frequency of radio waves < frequency of infrared waves 


(C) wavelength of x-rays > wavelength of gamma rays 
(D) frequency of ultraviolet > frequency of infrared 


The electromagnetic spectrum is 


increasing frequency —» 
~— increasing wavelength 


The wavelength of microwaves is greater than the wavelength of 
visible light. Therefore, option (A) is false. 


The answer is (A). 


PHYSICS-3 


A light source emits a total luminous flux of 1000 Im distributed uniformly over 
a quarter of a sphere. What is most nearly the luminous intensity 2.5 m from 
the source? 


(A) 42 Im/m? (B) 51 Im/m? (C) 58 lm/m? (D) 62 lm/m? 


Luminous intensity, J, is 


Lea) 


o 


I= 


>| 


Tn the preceding equation, Lo is the luminous flux and A is the surface 
area of sphere around the light source. The area of a quarter of a 


sphere is dies 
A= = n(2.5 m)? 
= 19.63 m? 
, 1000 lm A ) 
I = = Ib 1 2 2 
1963 m? 50.94 Im/m* (51 lm/mź) 


The answer is (B). 
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PHYSICS—4 


A 100 W lightbulb emits a total luminous flux of 1500 lm, distributed uniformly 
over a hemisphere. What is most nearly the illuminance at a distance of 2 m? 


(A) 11 Im/m? (B) 21 lm/m? (C) 34 lm/m? (D) 60 Im/m? 


The illumination, Æ, is 


> 


In the preceding equation, ® is the luminous flux and A is the area, 


je 
2 
= 27(2 m}? 


= 25.13 m? 


Therefore, 
_ 1500 Im 


~ 25.13 m? 
= 59.7 Im/m? (60 Im/m?) 


E 


The answer is (D). 


PHYSICS-5 


A lightbulb is used to light a stage 2.5 m below. A chair sits on the stage 1.0 
m from a spot directly below the bulb. If the bulb has a luminous intensity of 
150 Im, what is most nearly the illumination on the floor around the chair? 


ZN 
25m AN, 


(A) 7.7 lm/m? (B) 19 lm/m? (C) 21 Im/m? (D) 51 lIm/m? 


The illumination, E, is given by the following formula. 
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In the preceding equation, J is the luminous intensity of the source, 
ð is the angle from the normal to the surface the light strikes, and r 
is the distance from the light source. 


~- lightbulb 
xO 
2.5m k 
chair 
— — a s 

1.0m 
, 20m 
8 = ——— 
cost = 87m 


r = y (2.5 m)? + (1 m)? = v7.25 m? 


p= 7.25 m? 
=19.2 Im/m? (19 Im/m?) 


The answer is (B). 


PHYSICS-6 


Light of wavelength A and intensity Jọ passes through a 0.05 m thick slab of 
glass whose absorption coefficient for that wavelength is 15 m~!. What is most 
nearly the intensity, J, of the light after passing through the slab? 


(A) 0.31 (B) 0.5% (C) 0.61 (D) 0.82y 


I = he ®™ 


The absorption coefficient, œ, is 15 m~'. Therefore, 
I= Ioe 15/m) (0.05 m) 


The answer is (B). 
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PHYSICS-7 


A light ray passing through air (n = 1) strikes a glass surface (nglass = 1.52) 
at an angle of œ = 60° from the normal to the surface. What is the angle, Ø, 
between the reflected light and the surface? 


(A) 7.5° (B) 15° (C) 30° (D) 45° 


k 


The reflection law states that the angle of incidence is equal to the 
angle of reflection (a = a’). Therefore, a’ = 60° and 8 = 30°. 


The answer is (C). 


PHYSICS-8 
Which material type usually has a higher index of refraction? 
(A) lighter materials (B) heavier materials 


(C) denser materials (D) less-dense materials 


In general, denser materials have higher indices of refraction. 


The answer is (C). 
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PHYSICS-9 
What is the path of the refracted ray in the following illustration? 


| 

l 

| 

a 
AE 
ee eae 

dgn a 

l 

{ 

| 


(A) (B) 


(C) (D) 


LLA 


The light ray is refracted at interface 1. It is not normal to the surface 
of the glass, so its path changes direction. This eliminates options (A) 
and (D). Since Nnglass > Nair, the ray is bent toward the normal to the 
surface of the glass at interface 1, and away from the normal to the 
surface at interface 2. Thus, option (B) is the correct path of the ray. 


The answer is (B). 
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PHYSICS-—10 


How can the index of refraction of material x be defined? 


material x 


_ singa _ Singa _ singe _ sings 
aaa em ae. aaa (D) m= Gad, 


Indices of refraction are defined such that na Sin ġa = Mng SiN Qz, where 
Nna and ng are the indices of refraction of materials a and z, and ġa 
and p are the angles between the light ray and the normal to the 
interface between the two materials. 


The reference index for air, na, is 1. Therefore, 


sin 
met Pa 
sin dy 
From the illustration, 
Pr = Qe 
_ Singa 
* singe 


The answer is (B). 
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PHYSICS-11 


What is the index of refraction of a material if the speed of light through the 
material is 2.37 x 10° m/s? 


(A) 1.10 (B) 1.19 (C) 1.27 (D) 1.34 
The index of refraction of a material is 
ee 
n= — 
Vv 
3 x 108 


m 
8 


n= ——__4_ 
2.37 x 108 = 
= 1.27 


The answer is (C). 


PHYSICS-12 


What is most nearly the speed of light through glass that has an index of refrac- 
tion of 1.33? 


(A) 1.1 x 108 m/s (B) 2.3 x 10° m/s 
(C) 2.5 x 108 m/s (D) 2.8 x 108 m/s 

c 

n=- 
v 
c 

v=% 
n 
3.0 x 108 = 

T83 


The answer is (B). 
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PHYSICS-13 


Light hits the surface of a trough of water at an angle of 30° from horizontal. 
The index of refraction of water is 1.333. What is most nearly the angle, a, in 
the illustration? 


(A) 30° (B) 34° (C) 41° (D) 50° 


First, use Snell’s law to find ¢. Then, use ¢ to find a. Since na = 1 
for air, 


Na SİN Q1 = Ny sing 
sin ¢, = nsing 
¢1 = 90° — 30° 
= 60° 


angs sin 60° 
~ 1.333 


= 0.650 

$ = 40.5° 

a= 90° —¢ 
= 90° — 40.5° 
= 49.5° (50°) 
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PHYSICS—14 


A light ray in air (nar = 1) is incident on a glass surface (Ngtass = 1.52) at 
an angle of 30° from the normal. What is most nearly the angle between the 
refracted light ray and the normal? 


(A) 16° (B) 19° (C) 30° (D) 45° 


Na SIN = Ng sin B 


1 9 Ng Sina 
sin 8 = EE 
_ 1sin 30° 

~ 152 


= 0.3289 
B=19.2° (19°) 


The answer is (B). 
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PHYSICS-15 


Given that a = 60°, nar = 1, and Mglass = 1.52, find the angle, y, in the 
illustration. 


(A) 15° (B) 30° (C) 45° (D) 60° 
Use Snell’s law at each interface. 
Nair SiN & = Nglass Sin 7 
Nglass SİN 3 = Nair Sin Y 


Therefore, 
Nair SIN @ = Nair SİN Y 


siny = sing 
= sin 60° 
y = 60° 


The answer is (D). 
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PHYSICS-16 


A student has a beaker of unknown liquid. When a beam of light of wavelength 
A = 0.59 A shines into the liquid at an angle of 55° from the normal to the 
surface, the refracted beam continues at an angle of 33° from the normal to the 
surface. What is the liquid? 


(A) acetic acid, n = 1.30 
(B) water, n = 1.33 

(C) nitric acid, n = 1.40 
(D) benzene, n = 1.50 


nı sini = nosinr 


In the preceding equation, ¿ is the angle of incidence, and r is the 
angle of refraction. 
sin? 
ng = ny— 
slnT 


sin 55° 
=" (= =) 


= 1.50 


The only liquid listed with an index of refraction of 1.50 is benzene. 
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PHYSICS-_17 


A light ray in a medium (nmedium = 1.7) is totally reflected when it strikes the 
interface between the medium and air. In order for this phenomenon to occur, 
what should most nearly be the critical (i.e., minimum) angle between the light 


ray and the normal to the surface? 


(A) 0° (B) 15° (C) 18° (D) 36° 


Since the index of refraction is greater for the medium than for air, 
total internal reflection may occur. For total internal reflection to 
occur, the angle of refraction, 8, must be at least 90°. 
Nmedium SÌN Mer = Nair Sin B 
i Tair Sin 90° 
sin Qor = ————— 
Mmedium 


_ 0 
1.7 


= 0.5882 


Qo, = 36° 


The answer is (D). 
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PHYSICS-18 


An underwater diver signals his partner in a boat using a very bright flashlight. 
Assuming the water is crystal clear and the surface is perfectly calm, at what 
angle from vertical, @, can the diver hold his flashlight and still have its beam 


Nair = 1.00.) 


ee 2 ; 


(A) 32.5° (B) 41.2° (C) 45.0° (D) 48.8° 


Since Nair < Nwater, total internal reflection can occur. This happens 
when the incident angle, 0, is large enough so that the refracted angle 
is at least 90°. The incident angle for which the refracted angle is 
exactly 90° is called the critical angle, ĝer.. The critical angle can be 
found from Snell’s law, 


| 

{ 

| 

i 

| 

| 

l: 
ae 
pasaren 
] 

i 

1 

1 

| 

| 

] 
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For the light to be seen above the surface, @ must be less than Or. 


The answer is (D). 


PHYSICS-19 


PHYSICS 
6 = 0; 


sin @,, = —— sin 90° 
Nwater 


Nair 
E Tewater 
1.00 
= 7.33 


Oer = 48.8° 


14-15 


The radius of curvature of a convex spherical mirror is 48 cm. What are the 


focal length and focal type? 


(A) —12 cm, virtual focus 
B) —24 cm, virtual focus 


( 
( 
( 


C) 12 cm, real focus 
D) 24 cm, real focus 


For a convex mirror, the radius of curvature, R, is negative. The 
equation for the focal length of a spherical mirror is 


The negative sign indicates that the mirror has a virtual focus. The 
focal length is —24 cm. 


1 2 
F R 
R 
t=7 
—48 cm 
=“? 
= —24 cm 


The answer is (B) 
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PHYSICS-20 


An object 6 cm high is placed 12 cm away from a concave mirror whose focal 
length is 36 cm. What is the height of the image? 


(A) 2 cm (B) 4 cm (C) 5cm (D) 9 cm 
ioil 
f p q 


In the preceding equation, q is the image distance, p is the object 
distance, and f is the focal length. 

pÍ- 

p-f 

_ (12 cm)(36 cm) 

~ 12cm — 36 cm 


q = 


= —18 cm 


i _ia 
O |p 
_ 18cm 
~ 12cm 


=15 
In the preceding equation, J is the image size and O is the object size. 
I = (1.5)0 
= (1.5)(6 cm) 


= 9 cm 


The answer is (D). 


cm. What image is formed? 

(A) a real image 10 cm in front of the mirror 
(B) a virtual image 15 cm behind the mirror 
(C) a real image 20 ċm in front of the mirror 
(D) a virtual image 25 cm behind the mirror 
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In the preceding equation, p is the object distance, q is the image 
distance, and f is the focal length. 
MR A 
© p-f 
_ (10 cm)(30 cm) 
~ 10 em — 30 cm 


= —15 cm 


The negative sign indicates that this is a virtual image, 15 cm behind 
the mirror. 


The answer is (B). 


PHYSICS—22 


A chess piece is placed 18 cm in front of a concave mirror that has a radius of 
curvature of 46 cm. Which of the following statements about the image is/are 
true? 


I. The image is larger than the object. 
II. The image is real. 
III. The image is upright. 
IV. The image is beyond the center of curvature. 
V. The object is at the focus. 


center of curvature 


(A) V only (B) I and III (C) II and IV (D) I, II, and IV 
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R 
f=5 
_ 46 cm 
~ 2 
= 23 cm 
_ PÍ 
p-f 
_ (18 cm) (23 cm) 
18 cm — 23 cm 
= —82.8 cm 


Thus, the image is virtual and behind the mirror. Statements II, IV, 
and V are incorrect. 


Determine the magnification, m 


m=- 
p 
—82.8 cm 
I8em 
= +4.6 


The positive sign indicates that the image is upright. Therefore, III 
is true. Since m > 1, the image is larger than the object. Thus, I is 
also true. 


The answer is (B). 
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PHYSICS-—23 


Consider the concave spherical mirror in the illustration. What is the path of 
the reflected ray? 


incident ray 


focus center of curvature 


If an incident ray is parallel to the principal axis of a concave mir- 
ror, the reflected ray will pass through the focus point, F. Therefore, 
option (D) is correct. 


The answer is (D). 
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PHYSICS—24 


Consider the convex spherical mirror shown. What is the path of the reflected 
ray? 


incident ray 


ae = HS == O 
Cc F 
silvered 
surface 
(A) (B) 


Dé 
n 
AO 
nT 


(C) (D) 
Pa oo 
==- A0 -s-s O 
c F c F 


Tf the incident ray is parallel to the principal axis of a convex mirror, 
the reflected ray follows a path such that its extension passes through 
the focus. Therefore, option (C) is correct. 


The answer is (C). 
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PHYSICS-25 
Which of the following describes the image of an object that is placed between 
the focus and the concave spherical mirror? 

Y 


(A) real, larger, inverted 

(B) virtual, larger, not inverted 
(C) virtual, smaller, not inverted 
(D) real, smaller, inverted 


Construct a ray diagram to find the image. 


The image is virtual, behind the mirror, larger, and not inverted. 
Therefore, option (B) is the correct answer. 
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PHYSICS—26 


Which of the following options correctly depicts the image of the object as shown 
in the concave spherical mirror? 


(A) Y 


Bw 

— 
| 
l 
se 
| 
= 
! 
l 
O+ 
l 
I 
! 
| 
! 

| : 

l 
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o| 
- 
-i 
i 
ne 
i 

l 

i 

| 

i 

i 

l 
O+ 
j 

l 

i 

| 

| 

| 

| 

| 

l 


Te 


= 


D Y 
| —_ 


Construct a ray diagram to find the image. 


Thus, option (B) gives the correct location and type of the image. 


The answer is (B). 
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PHYSICS-—27 


A thin lens is made from glass with n = 1.5. It has a convex face with a 25 cm 
radius of curvature and a concave face with a 35 cm radius of curvature. What 
are the focal length and type of the lens? 


(A) diverging lens, virtual focus, focal length of 100 cm 
(B) converging lens, real focus, focal length of 125 cm 
(C) diverging lens, virtual focus, focal length of 150 cm 
(D) converging lens, real focus, focal length of 175 cm 


The radius of curvature for the convex face, R1, is positive, but for 
the concave face, Re, it is negative. 


1 1 
=e) (z= i z) 


The focal length is positive, indicating a real focus and, therefore, a 
converging lens with a focal length of 175 cm. 


The answer is (D). 


PHYSICS--28 


An object 0.31 m tall is placed 0.61 m from a converging lens whose focal length 
is 0.46 m. Most nearly where is the image formed? 


(A) 0.61 m from the lens 
(B) 0.92 m from the lens 
(C) 1.2 m from the lens 
(D) 1.9 m from the lens 
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In the preceding equation, f is the focal length, p is the object distance, and gq 
is the image distance. 


1 1 1 
q f p 
q= 2L 

p-f 


_ (0.61 m)(0.46 m) 
~ 0.61 m -— 0.46 m 


=1.87m (1.9m) 


PHYSICS-29 


What is the image position of an object placed 15 cm away from a thin, spherical 
converging lens with a focal length of 10 cm? 

(A) 15 cm beyond the lens 

(B) 20 cm beyond the lens 

(C) 25 cm beyond the lens 

(D) 30 cm beyond the lens 


In the preceding equation, p is the object distance, q is the image 
distance, and f is the focal length. 


_ (15 cm)(10 cm) 
~ 15 em—10cm 
= 30 cm 


The positive value of q means that there is a real image on the opposite 
side of the lens from the object (beyond the lens). 


The answer is (D). 
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PHYSICS-—30 


For of an object placed 25 cm from a diverging lens with a focal length of 15 cm, 
most nearly where is the image? What type of image is it? 


(A) 9.4 cm behind the lens; virtual image 
(B) 13 cm behind the lens; real image 
(C) 15 cm behind the lens; virtual image 
(D) 18 cm behind the lens; real image 


In the preceding equation, p is the object distance, q is the image 
distance, and f is the focal length. Determine the focal length. 


f=-—15cm [f is negative for a diverging lens] 
ae dont d 
q pf 
pf 
q Z 
p-f 


_ (25 cm)(—15 cm) 
~ 25 cm — (—15 cm) 


= —9.375 cm (—9.4 cm) 


This is a virtual image, located about 9.4 cm behind the lens. 


The answer is (A). 


PHYSICS-31 


A magnifying glass has a plastic lens with an index of refraction of n = 5.4 and 
radii of curvature of 0.9 m and 1.3 m for the two faces. What is the magnification 
of the lens when it is held 0.1 m from an object being viewed? 


(A) 1.5 (B) 4.5 (C) 6.0 (D) 6.5 
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A magnifying glass uses a biconvex lens. If f is the focal length of 
the lens, Ry and Rz are the radii of curvature, and n is the index of 


refraction, then 


(64-9 (s2o+ 735) 


In the preceding equation, p is the object distance, and q is the image 
distance. 


_ (0.1 m)(0.12 m) 
~ 0.1 m—0.12 m 


= —0.6 m 


The magnification, m, is 


The answer is (C). 
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PHYSICS-32 


An astronomer observing the night sky has a telescope with an 0.2 m objective 
lens. If two stars 700 ly away are barely resolved by the telescope, approximately 
how far apart are they? Assume the light from both stars has a wavelength of 
à = 5500 A. 


(A) 2.2x10°m (B)11x10%m (C) 2.2x10!m (D) 2.2x10! m 
The minimum resolvable distance, do, between two objects is 
AL 
= 1,22—— 
do = 1.22 D 


In the preceding equation, À is the wavelength of light, L is the dis- 
tance of the objects from the lens, and D is the diameter of the lens. 


In the above problem, 


d = (5500 A) (1.0 x 107! z) 


=5.5 x 1077 m 
L = 700 ly 
D = 0.2 m 


(1.22)(5.5 x 1077 m)(700 ły) (0.4 x 1018 =| 


0.2 m 
=2.22 x10 m (2.2 x10! m) 


d = 


The answer is (D). 
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PHYSICS-—33 


A microscope has an eyepiece with a focal length, fe, of 2.5 cm and a magnifi- 
cation of 5. If the objective lens is 0.6 cm from the object being viewed and has 
a magnification of 10, what is the distance, d, between the two lenses? 


eyepiece 


objective lens 


light source 


(A) 2.0 cm (B) 2.5 cm (C) 8.0 cm (D) 8.5 cm 


For a lens with p as the object distance, q as the image distance, and 
f as the focal length, the lens equation is 


1 d 1 1 
p a f 
The magnification, m, is 
m=—-4 
p 
5x 
pe am 10x 
ia eyepiece 
SR A ee een GE baaa fe oe oe ee ee -s 


image of object object 


Po = 0.6 cm 
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The sign of m indicates whether or not the image is inverted. From 
the illustration, it can be seen that d = |pe| + |q.|. The subscripts 
denote the eyepiece, e, and the objective lens, o. First, find the 
distance between the image of the object and the objective lens. 


m= —% 
Po 
do = =MPo 
= —(10)(0.6 cm) 
= —6.0 cm 
|do] = 6.0 em 
Next, find pe for the eyepiece. 
1 1 1 
Pe de fe 
ane 
Pe 
ldel = MePe 
1 1 .. 1 
Pe  Mepe fe 
Pe = fe — £ 
5 cm 
= 2. — 
5 cm 5 
= 2.0 cm 
d = |go| + [pel 


= 6.0 cm + 2.0 cm 


= 8.0 cm 


The answer is (C). 
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PHYSICS-34 
A diffraction grating set up as shown is used to find the wavelength of a light 
source. If the grating has 4000 lines/cm, the lens used to focus the light from the 
grating is 25 cm from the screen where the light is focused, and the second-order 
spectral line is 4.8 cm from the center position, what is the wavelength of the 
light? 


grating screen 
>! lens 
l 
light I 
source —] 
mie a= bann sis mi Sik ce Serta ig EEEE 
—n| 4.8 cm 
l 
aae second-order spectral 
—] | line (not to scale) 
25cm 
(A) 2000 A (B) 2400 A (C) 3200 A (D) 7300 A 


The relationship between the wavelength, the position of the spectral 
line, and the diffraction grating is determined by the sine of the angle 
of two lines drawn from the center of the lens straight to the screen 


and the spectral line. 
nÀ 


sin? = T 


In the preceding equation, n is the order of spectral line and d is the 
spacing of the grating. 


grating screen 


yp! 


light 
source 


ae Dein | ee, SEE Cee 


8 4.8 cm 


-————] 
; l 
l second-order spectral 
—| line (not to scale) 
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The following information can be determined from the diagram. 


4.8 cm 
sin @ = — 
v (25 cm)? + (4.8 em)? 
= 0.189 


1 line 


lines 


d = =——— 
4000 —— 
cm 


= 2.5 x 1074 cm 
m= 2 [for a second-order spectral line] 
\= dsin@ 
n 
_ (2.5 x 1074 cm)(0.189) 
E 2 
= 2,36 x 1075 cm (2400 Å) 


(B). 


The answer is 


PHYSICS-35 


What is the photon energy associated with green-blue light of wavelength 500 
nm? (A = 6.626 x 107°4 J-s, and c = 3.0 x 108 m/s.) 


(A) 1x10-%J (B)2x10!?J (C)3x10!9°J (D)4x107! J 


E=hf 

_ he 

=; 

7 j= 
A = (500 nm) (1.0 x 10 =) 

= 5.00 x 1077 m 

(6.626 x 107% J-s) (3 x 108 =) 

E = S; 


~ §x107m 


=3.98 x 10719 J (4x107! J) 


The answer is (D). 
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PHYSICS-36 
What is most nearly the energy of a photon of wavelength 0.1 nm? 


(A) 0.090 x 10-14 J (B) 0.11 x 10714 J 


(C) 16x 107 J (D) 2.0 x 10715 J 
E=ħf 
__ he 
A 
(6.626 x 10-34 J.s) (3.0 x 108 =) 
1x 10719 m 


=1.99x 107! J (2.0 x 107" J) 


The answer is (D). 


PHYSICS-37 


Light at wavelength 6493 A is visible red light. It is, however, very close to the 
limits of the human eye. What is most nearly the energy of this light? 


(A) 19x 10719 J (B) 2.5 x 1071 J 
(C) 2.9 x 10-19 J (D) 3.1 x 10719 J 

E=hf 

_ he 

AÀ 


Planck’s constant, fi, is 


fh = 6.626 x 107% J-s 
A = 6.493 x 1071? m 
z (6.626 x 10734 J-s) (3.0 x 108 =) 
6493 x 10-29 m 
=3.06 x 107! J (3.1 x 10779 J) 
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PHYSICS-38 


To be effective, an omnidirectional alarm must have a minimum loudness of 
70 dB. If it is to be effective 60 m away, what is most nearly the minimum power 
required? 

(A) 0.1 W (B) 0.2 W (C) 0.3 W (D) 0.5 W 


The intensity level, J, is related to distance and power according to 


In the preceding equation, W is power and r is the distance from the 
source. 


In decibels, 
7 I 
I =10log — 
Olog i 
Ip =1 x 107}? W/m? 
I = Ip107/1° 


W = 1910/19 (4rrr?) 


12 W 


= (1x10 = 


) (1070/10) (47) (60 m)? 


=0.45 W (0.5 W) 


The answer is (D). 


PHYSICS-39 


A stationary observer hears a siren approaching. The siren has a sound frequency 
of 700 Hz and is approaching the observer at 80 km/h. What is the frequency 
heard by the observer? Assume the velocity of sound in air is 332 m/s. 


(A) 600 Hz (B) 650 Hz (C) 700 Hz (D) 750 Hz 
The frequency heard by the observer, fo, is 


fo= fs (2) 
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In the preceding equation, fs is the frequency of the source, v is the 
velocity of wave transmission in the medium, vy is the component of 
observer velocity directed toward the source, and v, is the component 
of source velocity directed toward the observer. 


km ih m 
‘= (s =) (ssa) (2000 =) 


= 22.2 m/s 


332 Ep0 2 ` 
fo = (700 Hz) | —8-——-8 


332 E — 99.2 Œ 
8 8 


PHYSICS-—40 


A policeman waiting at a speed trap hears a car going by honking its horn. Being 
an amateur musician with perfect pitch, the policeman recognizes that the pitch 
of the horn is GË (f = 415.30 Hz), a half-step lower than its normal pitch of A 
(f = 440.00 Hz). The velocity of sound in the air is 332 m/s. At what speed 
was the car traveling? 


(A) 35 km/h (B) 67 km/h (C) 71 km/h (D) 83 km/h 


The change in pitch is due to the Doppler effect. The frequency heard 
by the observer, fo, is 
V+Vo 
fo= fe (24%) 


In the preceding equation, fs is the frequency of source, v is the 
velocity of sound, vo is the velocity of the observer, and vs is the 
velocity of the source. 


v = 332 m/s 
Vo = 0 m/s 
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Solve for v,. 


m 440.00 Hz m om 8 1 km 
= (332 37 Ges T) (332 5 +0 =)) (3600 £) (an = 


= —71 km/h [71 km/h away from the policeman] 


(C). 


PHYSICS—41 


Solar collectors generate 1 kW/m? of thermal energy using the sun’s energy. A 
collector with an area of 1 m? heats water. The water flow rate is 30 L/min. 
What is most nearly the temperature rise in the water? The specific heat of 
water is 4200 J/kg-°C. 


(A) 0.1°C (B) 0.5°C (C) 5°C (D) 30°C 
-hW 2 W 
P= (2 T) (1 m?) (1000 a) 
= 1000 W 
P = PRAT 


kg L 1 min 1m? J 
1000 w = (1000 55) (30 ===) (7) (sear) (#29 era) A 
W 
= (2100 x) AT 


1000 W 
2100 — 
°C 


AT = 


= 0.48°C (0.5°C) 
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PHYSICS—42 


A sketch of an oven wall is shown. What is most nearly the temperature in the 
center of the glass wool? 


(A) 46°C (B) 54°C (C) 94°C (D) 98°C 


T = 149°C 


aT 

dx 
T=Ar+B 
A= oe = 15.86°C/em 
B= 38°C 


T= (15.80 £) z+ 38°C 
cm 
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At the center, 
x = 3.5 cm 


T= (15.86 £) (3.5 cm) + 38°C 
cm 


=93.5°C (94°C) 


The answer is (C). 


PHYSICS-—43 
As a measure to reduce the outer wall temperature of an oven, an extra layer of 
cork insulation is added as shown. What is most nearly the temperature of the 
outer wall if the temperature between the asbestos and cork is 88°C? 
inner wall 


177°C 


asbestos k = 383 J/h-m-°C 


88°C" 


cork board k = 86 J/h-m-°C 


outer wall 
(A) 14°C (B) 22°C (C) 31°C (D) 37°C 
Joven to asbestos = Yasbestos to cork 
AT 
ee 
88°C — 177°C Tout — 88°C 
—KasbestosA — 7m AS cork A tom 
100 — 100 = 
m m 


E (sss Jo ) (Seo a 


J 
h:m-°C 7 cm T (+ arc) 


1.3 cm 


Tout =14.4°C (14°C) 
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PHYSICS—44 


An oven has an inner wall temperature of 177°C. The insulation is 7 cm thick 
and has a thermal conductivity of 383 J/h-m-°C. If the film coefficient of the 
outer wall is 39032 J/h-m?-°C, and the air is at 20°C, what is most nearly the 
temperature of the outer wall surface? 


inner wall 


outer wall 


h= 032 J/h-m-°C 
Tair = 20°C 


(A) 22°C (B) 32°C (C) 39°C (D) 42°C 


doven to insulation = Youter wall to air 


p outer — Tinner) 4 hA(Touter = Tair) 


tinsul 


Rearrange to solve for Touter- 


k 
(G5) Tinner + Tair 


+ 
tinsul h 


J 
(353 pag) 
m 
prem (0 z) 


PORON J 
x (39032 me) 


1+ 


Touter = 


(177°C) + 20°C 


J 
h-m: 
(7 cm) (oe 7 (s9032 ae) 
100 © hm? 


= 39.3°C (39°C) 


The answer is (C). 
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PHYSICS—45 

A 0.03 m? (interior capacity) oven is modeled as a six-sided cubical box. The 
inside and outside wall temperatures at steady state are shown. The insulating 
material is asbestos with a thermal conductivity of 383 J/h-m-°C. What is most 
nearly the power dissipated by the oven? Neglect heat transfer through the 
corners and edges. 


177°C 


coc. 4 |, 
i dJ/h:m®C : : Ker 


38°C 
(A) 25x105 J/h (B) 3.7x10°J/h (C) 3.9x105J/h (D) 4.4x10° J/h 


The heat transfer, Q, is 


dT 
Q= -kA 


At steady state, the temperature profile is linear. 


dx = 0:07 m 


RER dT 177°C -38°C 


dz 0.07m 
= 1986 °C/m 


The oven is modeled as a cubical box with equal sides. 


II 
= 
on 
Go 
5 
i] 
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a J 5 °C 
Q=- (383 =r] (0.58 m?) (1986 £) 
= —4.41 x 10° J/h (4.4 x 105 J/h) 


The negative value indicates that heat is lost to the surroundings. 


The answer is (D). 


PHYSICS—46 


A copper sphere 0.3 m in diameter radiates power through a vacuum to an 
environment at 273K. The emissivity of copper is 0.15, and the sphere is at 
60°C. The power radiated is most nearly 


(A) 28 W (B) 30 W (C) 37 W (D) 53 W 


The emitted energy rate is 


E = eo T A = eoT*4nr? 


0.30 m\ ? 
= =8 o oj4 
= (0.15) (s.67 x 10 aa) (60°C + 273°)*(47) ( 5 ) 
= 29.6 W (30 W) 
The answer is (B). 
PHYSICS—47 


An oxidized copper sphere 0.3 m in diameter with an emissivity of 0.78 is filled 
with water. If the water temperature is 88°C, and the environment is at 273K, 
what is most nearly the instantaneous rate of cooling of the water? At 88°C, 
the density of water is 966.6 kg/m°, and the specific heat is 4190 J/kg-°C. 


(A) 10°C/h (B) 11°C/h (C) 12°C/h (D) 13°C/h 
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The radiated energy is 
E = eTA 


= coT*Anr? 


The heat lost from the water is 


dT, dT 
Q = mo = VE 
_ ån? dr 
~ 3 loh 
E=Q 
ba a ae 
4rer oT” = 3 
dT _ 3eoT* 
dt ~~ repp 


(3)(0.78) (s.67 x 1078 =x") (88°C + 273°)4 


0.3 m J kg 
(=x) (190 ie z) (266.6 s) 


x (3600 =) 


=13.4°C/h (13°C/h) 
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7 1 5 MODELING 


SYSTEMS-1 


Which of the following matrices has an inverse? 


3 1 1 1 3 1 1 2 3 
Ai,=j]1 3 1 Ag=|]2 2 3 Ag=| 2 0 1 
22 1 0O 1 1 -1 2 3 


(A) Ag only (B) Ai and A>) (C) A: and Ag (D) Az and As 
If, for matrix A, the determinant is nonzero, the inverse matrix, A71, 
exists. 

3 1 1 
D,=|1 3 1)/=94+2+2-6-6-1=0 
22 1 
A{' does not exist. 
1 3 1 
D:=|2 2 3|=2+2-6-3=-—5 
0 1 1 
Az" exists. 
1 2 3 
Dz=| 2 0 1|=12-2-12-2= -4 
-1 2 3 
A7? exists. 


Only Az and Ag have inverses. 


). 
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SYSTEMS-2 
An investor is considering a stock portfolio that costs $55. If he invests in the 
portfolio, there is a 0.5 probability that he will receive a total revenue of $20. If 
that event does not occur, he will receive a total revenue of $100. What will be 
the investor’s expected profit if he decides to invest? 
(A) $5 (B) $15 (C) $55 (D) $60 

The expected profit is found by multiplying the expected revenues 


by their respective probabilities, adding them, and subtracting the 
initial cost. 


profit = (0.5)($100) + (0.5)($20) — $55 = $5 


The answer is (A). 


SYSTEMS~3 


For a function of a single variable, f(x), to be convex, which of the following 
must be true? 


(A) For each pair of values of x, and zz, with 0 < À < 1, 


f (Ava + (1 —A)ari) < Af (22) + (1 — A)f (a1) 
(B) For each pair of values of zı and ze, with 0 < À <1, 


f (Ava + (1 — Ajai) 2 Af (22) + (1 —A)F (21) 
(C) For each pair of values of x; and x2, with 0 < À <1, 


f (Aaa + (1 — A)ai) = Af (x2) + (1 — A)f (21) 
(D) Graphically, f(x) is 


f(x) 
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A convex function always has a minimum value. 


fx) | 


point A: (x;, f(x) 
point B: (x2, Ax) 
point C: (x4(1 — A) + xz, foa l1 = A) + XQ) 


The relationship in option (A) is the definition of a convex function, 
which implies that the function has a minimum value. For each pair 
of points A and B on the curve, the line segment joining these twò 
points lies entirely above or on the graph of f(x). 


The answer is (A). 


SYSTEMS-4 
For a function of two variables, f (11,22), and for all possible values of x, and 
x2, which of the following conditions must exist in order for the function to be 
convex? 
1, (Pf era) (OF E2) _ (PEEN , 4 
i Ox? Ox örr = 
af (x1, T2) 
Ox? 
3f (z l; £2) 
ôx? 20 


(A) I only (B) I and II (C) I and IN (D) I, II, and III 


IL. >0 


III. 


Second partial derivatives can be used to check functions of more 
than one variable to see if they are convex or concave. For two- 


the determinant of the 2x2 Hessian matrix, which should be greater 
than or equal to zero. Thus, all three conditions must exist for the 
function to be convex. 
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SYSTEMS-—5 


If a function of n variables, f(z1,..., £n), is convex, which of the following is 
true about its n x n Hessian matrix? 


(A) It is semidefinite. 

(B) It is negative semidefinite. 
(C) It is positive semidefinite. 
(D) It is indefinite. 


A positive semidefinite Hessian matrix implies two conditions. 

1. For all values of z, the function f(21,...,2n) > 0. 

2. There is at least one set of nonzero values of z1,..., £n such 
that f(21,...,2n) = 0. 


These conditions are met when the determinant of the Hessian matrix 
is greater than or equal to zero, which occurs if and only if the function 
f is convex. Thus (C) is the correct, answer. 


SYSTEMS-6 
Which of the following statements about linear programming is FALSE? 


(A) In mathematical notation, linear programming problems are often written 
in the following form. 


optimize: 
Z= > Cir; 
j 
subject to the constraints: 


SoS aizay <b 
i j 


(x; > 0, and a,;, bi, and C; are constants.) 


(B) Linear programming uses a mathematical model composed of a linear ob- 
jective function and a set of linear constraints in the form of inequalities. 


(C). The decision variables have physical significance only if they have integer 
values. The solution procedure yields integer values only. 


(D) The simplex method is a technique used to solve linear programming prob- 


lems. 
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By definition, z; > 0 implies noninteger as well as integer values for 
the decision variable. Although it is sometimes the case that only 
integer values of the decision variables have physical significance, the 
solution procedure does not necessarily yield integer values. 


SYSTEMS-7 


Consider a nontrivial linear programming problem in one variable, x, with only 
lower- and upper-bound constraints on z. At optimum, where will x be in rela- 
tion to these constraints? 


(A) at its upper bound 

(B) at its lower bound 

(C) between its upper and lower bounds 
(D) at its upper or lower bound 


The constraints prevent the variable of a linear program from increas- 
ing or decreasing forever during maximization or minimization. The 
maximum or minimum will occur at either the upper or lower bound. 


The answer is (D). 


SYSTEMS-8 


If all variables in a linear programming problem are restricted to be integers, 
which, if any, basic assumption of linear programming is violated? 


(A) certainty (B) additivity (C) divisibility (D) proportionality 
Divisibility implies that fractional levels of the decision variables must 
be permissible. By restricting all variables in the problem to be inte- 


gers, divisibility is lost. 


The answer is (C). 
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SYSTEMS-9 


If a project that has diminishing returns with scale is modeled using a linear 
program, which basic assumption of linear programming will be violated? 


(A) certainty (B) additivity (C) divisibility (D) proportionality 


Proportionality assumes that a variable multiplied by a constant is 
equal to the contribution, regardless of scale. 


The answer is 


SYSTEMS-10 
Consider the following linear programming model. 


maximize: 
Z = 321+ 529 


subject to the constraints: 


324 + 2r < 18 
m<4 
Zo x6 


The graphical solution is 


Xy 20 


3x, + 2x = 18 


At what point does the optimum solution occur? 
(A) A (B) B (Cc) Cc (D) D 
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If the objective function Z is plotted and moved along within the 
feasible region, the last point of contact will be point D. Therefore, 
Z will be maximized while satisfying all constraints at point D. 


SYSTEMS-11 


For which of the following linear programming problems can an optimum solution 
be found? 


I. maximize: 


Z = 20r + 10y 
subject to the constraints: 
zt+y<4 
3zn+y <6 
z,y20 
II. maximize: 
Z = 20x + 10y 
subject to the constraints: 
r+y>4 
3r+2y <6 
z,y 20 
II. maximize: 
Z = 20r + 10y 
subject to the constraints: 
2r+y<10 
r+y<6 
m,y 20 
(A) I only (B) I and II (C) I and I (D) II and ITI 
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For an optimum solution to exist, there must be a feasibility region. 
The graphs of the feasibility regions I, IJ, and III are as shown. 


3x+2y s6 xty=4 
I Il. Il. 


For II, there is no region where all four conditions are met. I and II 
have feasibility regions and, therefore, have optimum solutions. 


The answer is (C). 


SYSTEMS-—12 


Which of the following linear programming problems have multiple optimum 
points that yield the same optimum solution? 


I. maximize: 
Z = 202 + 10y 
subject to the constraints: 


z+ys4 
sz +y <6 
zZ,y20 
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II. maximize: 
Z = 20x + 10y 


subject to the constraints: 


2+y24 
3z+2y <6 
z,y >0 


II. maximize: 
Z = 20x + 10y 


subject to the constraints: 


2z +y <10 
at+ys6 
r,y20 


(A) I only (B) II only (C) II only (D) I and III 


The graphs of I, II, and ITI are as shown. 


2x+y=10 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


= = = = = = = 


15-10 1001 SOLVED ENGINEERING FUNDAMENTALS PROBLEMS 


For I, the optimum solution is at the point (1,3) where Z = 20+30 = 
50; this solution has a unique optimum point. II has no feasibility 
region and, thus, has no optimum solution. For III, the points (4,2) 
and (5,0) both yield the optimum solution Z = 100; III is the only 
choice with multiple optimum points. In fact, any point on the line 
segment adjoining (5,0) and (4,2) will yield the optimum solution 
Z = 100. 


The answer is (C). 


SYSTEMS-13 


What is the maximum value of Z for the following integer linear programming 
problem? (z and y are integers.) 


maximize: 
Z = 6a + 5y 
subject to the constraints: 
5a + 2y < 20 
3z +2y < 15 
r,y 20 


z,y integers 


(A) 28 (B) 33 (C) 35 (D) 36 


The maximum Z value is found from the extreme points in the illus- 
tration. 
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extreme point 


(0,0) 
(4,0) 
(0,7.5) 
(2.5,3.75) 


The largest value of Z over all real numbers is given at (0,7.5). Since 
x and y are integers, the largest Z value will be given at either z = 0 
and y = 7, or x = 1 and y = 6. The first combination gives Z = 35, 
but the second gives Z = 36. 


The answer is (D). 


SYSTEMS-14 


The simplex method is extremely efficient in solving which of the following classic 
problems? 


(A) the transportation problem 
(B) the assignment problem 
(C) the transhipment problem 
(D) the allocation problem 


Theoretically, all problem categories can be solved using the simplex 
method. However, the assignment, transportation, and transhipment 
problems are numerically inefficient when solved by the general sim- 
plex method. For allocation problems, the variables are continuous 
and, therefore, manageable enough in size to be solved using the sim- 
plex method. 


The answer is (D). 
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sasarina 


SYSTEMS-15 


Upon which of the following properties of linear programming is the simplex 
method based? 


I. The collection of feasible solutions constitutes a convex set. 
II. Ifa feasible solution exists, a basic solution exists where the feasible so- 
lutions correspond to the extreme points of the set of feasible solutions. 
III. Only a finite number of basic feasible solutions exist. 


IV. If the objective function possesses a finite maximum, at least one opti- 
mum solution is a basic feasible solution. 


(A) I only (B) IV only 
(C) I and II (D) I, II, III, and IV 


The simplex method is based upon all of the given linear programming 
properties. 


The answer is (D). 


SYSTEMS-—16 


As the simplex algorithm progresses from one solution to the next in a linear pro- 
gramming maximization problem, what will happen to the value of the objective 
function? 


(A) It will increase and then decrease. 
(B) It will decrease and then increase. 
(C) It will increase or stay the same. 
(D) It will decrease or stay the same. 


A characteristic of the simplex algorithm is that the value of the 
objective function improves (does not worsen) between iterations. For 
a maximization problem, only option (C) can be true. 


The answer is (C). 
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SYSTEMS-17 

In the following simplex tableau, the first row of numbers represents the objective 
function of a maximization problem, and subsequent rows represent constraints. 
What are the basic variables? 


(A) zı and z2 (B) 21, £4, and 25 
(C) T2; La, and T5 (D) 23, T4; and T5 


The system of equations represented by the tableau implies that Z = 


102; + 622, and 
3 


Az= | 15 
17 


Given the negative coefficients of the objective function, Z, the values 
of the variables must be zı = 0, z2 = 0, x3 = 3, z4 = 15, and 
T5 = 17. x3, £4, and xs are “used” by the columns of the basis and 
are, therefore, the basic variables. 


The answer is (D). 


SYSTEMS-18 


After several iterations, the following simplex tableau is developed. 
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Which of the following describes the solution found? 


(A) It is feasible but not optimum. 
(B) It is optimum but not feasible. 
(C) It is optimum and feasible. 

(D) It is neither optimum nor feasible. 


The solution is feasible because there are no negative numbers on the 
right side. It is not, however, an optimum solution since there are 
negative numbers in the objective function. 


The answer is (A). 


SYSTEMS-19 


In the following simplex tableau, the first row of numbers represents the objective 
function of a maximization problem. What are the current values of xı and z2? 


(A) zı = 0, z2 =0 (B) zı =0, z2 =3 
(C) zı = 2,22 = 15 (D) zı = 3, 22 =3 
Since the coefficients of zı and x3 in the objective function are neg- 
ative, x; and za must be zero. The tableau represents a system 


of equations with the following solution: zı = 0, £2 = 3, 23 = 0, 
vq = 15, and zg = 17. 


The answer is (B). 
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SYSTEMS-—20 


In the following simplex tableau, identify the current entering and exiting basic 
variables. 


(A) x2 entering, x4 exiting 
(B) z3 entering, zg exiting 
(C) ag entering, z5 exiting 
(D) z3 entering, z4 exiting 


The first row of the tableau gives 
Z = —4r) + £2 + £3 


z£ will cause the greatest increase in Z when it goes from 0 to 1. The 
entering variable is, therefore, z2. With zı = z3 = 0, the x4 row 


gives 
229 + £4 = 10 
T = 5 
z4 =0 
The xg row gives 
329 + zg = 30 
t = 10 
rg =0 


The exiting variable is the one that goes to zero first as xz is increased 
from zero. The exiting variable is z4. 


The answer is (A). 


PROFESSIONAL FUBLICATIONS, INC. 


www.circuitmix.com 


a kd 2 2 


15-16 1001 SOLVED ENGINEERING FUNDAMENTALS PROBLEMS 


SYSTEMS-21 

In the following simplex tableau, the first row of numbers represents the objective 
function of a maximization problem. What will be the next variable to enter the 
basis? 


right side | 


(A) zı (B) zə (C) z3 (D) none of the above 


If the first row represents the objective function of a maximization 
problem, then the tableau is already optimum, since for a maximiza- 
tion problem a tableau is optimum when all C; < 0. If this had been 


the tableau for a minimization problem, xı would have been the next 
variable to enter the basis. 


The answer is (D). 


SYSTEMS-22 


Find the “pivot” value in the following simplex tableau. 


(A) 2 (B) 3 (C) 5 (D) 7 


The first step in the method of pivot searching is to select the pivotal 
column by determining the column with the most negative entry in 
the objective row. In this problem it is the zı column. 


Next, find the pivotal row by dividing each row’s rightmost value by 
that row’s pivotal column value. The row that has the lower quotient 
is the pivotal row. The quotient for row 1 is 7/3, and for row 2 it is 
12/7, Thus, the second row is the pivotal row. 
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Finally, the pivot is the value that is at the intersection of the pivotal 
row and column. For this problem, it is 7. 


The answer is (D). 


SYSTEMS-23 


Find the optimum value of the slack variable x3. 


(A) 7/38 (B) 36/7 _(C) 38/7 (D) 39/7 


The simplex tableau becomes 


= 
3 
L 
3 
1 
3 
8 
3 
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The slack variables are, therefore, x3 = 56/7, 4 = 0, and z5 = 0. The 
optimum value is 36/7, 


The answer is (B). 


SYSTEMS-—24 


The heights of several thousand fifth grade boys in Santa Clara County were 
measured. It was found that the mean of the height was 1.20 m and the variance 
was 25 x 1074 m*. Approximately what percentage of these boys has a height 
greater than 1.23 m? 

(A) 27% (B) 31% (C) 69% (D) 73% 


To convert the normal distribution to unit normal distribution, the 

new variable, z, is constructed from the height h, mean u, and vari- 
2 

ance g4, 


For a height greater than 1.23 m, 


1.23 m — 1.2 . 
oS a 
v25 x 10-4 m 
From a unit normal distribution table, the cumulative distribution 


function at z = 0.6 is 0.726. Therefore, the percentage of boys having 
height greater than 1.23 m is 


percentage taller than 1.23 m = 100% — 72.6% = 27.4% 


The answer is (A). 
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SYSTEMS-25 


Using the simplex method, in what form would one write the given objective 
function in order to maximize it? 


Z= lz] — 3x2 


(A) Z=a} +2] — 329; subject to zf,27 20 

(B) Z= zf +27 + 322 = 0; subject to zy} jz, >0 

(C) Z+a} =z] — 322 =0; subject to sf, 27 >0 
Z — |x1| + 822 = 0; subject to zı > 0 
The absolute value term is written as x} —z], with zf and zy greater 
than or equal to zero. The proper form for the simplex method is to 
have all terms on the same side of the equal sign equal to zero. 


The answer is (B). | 


SYSTEMS-—26 


One constraint for a linear program is as follows: 321 — 2x2 + 4x3 > 6. What is 
the proper form of this constraint for use in the simplex method? 


(A) 321 — 2x2 +423 —6=0 
(B) 3x1 — 272 + 4r3 +6 <0 
(C) 821 — 2x2 + 4£3 + T4 > —6 
(D) 3x1 — 2x9 + 4x3 +24 = 6 


The proper form for a constraint uses a slack variable to account for 
the inequality. For this problem, the slack variable x4 is added. 


The answer is (D). 


SYSTEMS—27 


How would the following problem be written if the simplex solution method is 
to be used? 


maximize: 
i= 122, = 4x9 
subject to the constraints: 
T1 +322 = 42 
T1, T2 > 0 
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(A) Z = 127z; — 429; Ti + 3n2 — 42 =0 

(B) 4 — 1221 +429 = 0; £1 + 322 + T3 = 42 

(C) Z=122, + 4x2 + Mag = 0; 21 + 322 +23 = 42; M is some large number. 
(D) Z — 12x1 +429 = —M x3; 21 + 3829 — 42 = Z3 


The slack variable x3 is added to the objective function, multiplied 
by a constant, M. The restriction becomes 21 + 322 + 23 = 42. 
Although option (D) has all the correct terms, they are not in the 
proper position. 


The answer is (C). 


SYSTEMS-28 
Consider the following linear programming problem. 


maximize: 
Z = 62, + 5x9 


subject to the constraints: 


zı +224 
521 +372 < 15 
21,22 20 


If xı + £2 +23 = 4 + Ab, find the range of Ab over which the basis remains 
unchanged. 


(A) -1<Ab<1 (B)O0<Ad<1 (C) -2< Ab<1 (D) -2<Ab<2 
Using the slack variables z3 and z4, the constraints become 


Tı + T2 +23 =4 
52, + 3T2 + 24 = 15 


The simplex tableaus are shown. 
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For the basis to remain unchanged, Z must also remain unchanged. 
Thus, for Z to remain at 43/2, 


This gives 


Therefore, —1 < Ab 


lA 


1. 


T 
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SYSTEMS-—29 


Which of the following statements is INCORRECT for the primal linear pro- 
gramming problem in the form given? 


maximize: 
Ze = > Cir; 
J 
subject to the constraints: 
$ Dasa; S bi 
i 


j 
x; >0 


(A) The dual problem is 
minimize: 


Zy = Y biyi 


subject to the constraints: 


> aijt 2 Cj 
IA 
yi 20 


(B) The dual problem is the same as in option (A), but with the inequality 
signs reversed. 

(C) yi is unrestrictive in sign if the inequality signs in the primal problem are 
replaced by equality signs. 

(D) 2; is unrestrictive in sign if the inequality signs in the dual problem are 
replaced by equality signs. 


By definition, the dual of a primal linear programming problem is ex- 
actly the reverse of the primal, including the reversal of the inequality 
signs. 


The answer is (B) 
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For the following problem, what are the constraints of the dual problem? 


maximize: 
Z = 62,4 329 + Arg 


subject to the constraints: 


v1 +2T2 + 323 < 12 
z1 + 4T2 +323 = 15 


21,23 20 


The dual problem statement is 


minimize: 
Z’ = 12u, + 15we 
(A) witwe=6 (B) witwe 26 
2w, + 4w. > 3 2w1 + 4w > 3 
3w + 3we > 4 3w, + 3we = 4 
Wi, We = 0 we > 0 
(C) wi+we,26 (D) witw,>6 
2w + 4w = 3 2w, + 4w > 3 
3wı + 3w > 4 3wi + 3w = 4 
w20 W1, We > 0 


Each of the constraints, C;, in the primal problem corresponds to a 
respective variable, w;, in the dual problem. The coefficients of the 
objective function in the primal problem are the constants on the 
right-hand side of the constraints in the dual problem. The coeffi- 
cients of the ith constraint in the primal problem are the coefficients 
of the ith variable in the dual problem. If the jth variable in the 
primal problem is restricted, the jth constraint in the dual problem 
is an inequality. If the primal constraint is an equality, then the 


ith constraint is an equality. If the variable is restricted, the ith 
constraint is an inequality. Therefore, 2w, + 4we = 3. 
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SYSTEMS-31 


The mathematical model for the classic transportation problem is as follows. 


Find z;;(i = 1,2,...,m; j =1,2,...,m) in order to maximize 


m m 
ye Cuty 


i=1 j=1 


subject to the constraints: 


Tij = äi fi=1,...,m] 


i Me 


j=l 
m 
Y ry =bj [j =1,... n] 
i=l 
Tij = 0 


Which of the following is FALSE? 


(A) 
(B) 
(C) 
(D) 


m can be regarded as the number of factories supplying n warehouses with 
a certain product. 


a; is the number of units produced at factory i, while bj is the number of 
units required for delivery to warehouse j. 


Cj; is the shipping cost from factory i to warehouse j. qj is the decision 
variable, the amount shipped from factory i to warehouse j. 


xij has physical significance only for noninteger values. 


A transportation problem has physical significance only when decision 
variables are integers. 


The answer is (D). 


SYSTEMS-32 


Which of the following describes the optimum solution to a transportation prob- 
lem? 


(A) 
(B) 


(C) 


(D) 


It can be determined using the simplex algorithm. 
It cannot be found if there are no upper-bound constraints on supplies from 
several sources. 


It can only be found if there are no upper bounds on supplies from several 
sources. 


It is trivial if the demand is unstable. 
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that allow for ‘the presence or lack of upper bounds on variables and 
assume constant demand. Only option (A) is true. 


SYSTEMS-—33 


How must the following cost and requirements table for a transportation problem 
be altered so that linear programming methods can be used to find an optimum 
solution? 


(A) A dummy source must be added to supply six units. 

(B) A dummy destination must be added to increase the demand by six units. 

(C) The sum of the costs in each row must be made equal by inclusion of a 
dummy cost. 

(D) The sum of the costs in each column must be made equal by inclusion of a 
dummy cost. 


For the model to have a feasible amatio 1 the supply and demand 
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SYSTEMS-34 


How many basic variables are there for the following transportation problem cost 
and requirements table? 


(A) three (B) four (C) six (D) seven 


The number of basic variables is equal to the number of sources plus 
the number of destinations minus one. Thus, there are 3-++-4—1=6 
basic variables. 


The answer is (C). 


SYSTEMS-35 


The northwest corner rule is to be used to find an initial solution to the following 
transportation simplex problem. What is the value of the fourth basic variable? 


ae 
ot | of R E 
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The procedure under the northwest corner rule for obtaining an initial 
basic feasible solution is as follows. 


1. Start with the cell in the upper left-hand corner. 
2. Allocate the maximum feasible amount. 


3. If there is supply remaining, move one cell to the right. If there is no 
remaining supply, move one cell down. Stop when it is impossible to 
do either of these. Repeat the process beginning at step 2 for the new 


cell. Each new cell represents a new basic variable. 


Carrying out this procedure for the given problem results in the fol- 
lowing table. 


ole 


PDE [ae 
rf 
| f J») 

o| | o| 
| fio | 20 | o 


ms 
[20 | io | sof ao] | 
ee Ca 


The fourth basic variable is equal to 10. 
The answer is (A). 


SYSTEMS-—36 


Four technicians—Tom, Scott, Ed, and Jeri—are each assigned a project on 
which to work. The costs for each technician to complete each project are esti- 


mated as follows. 
1 2 3 4 
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What is the optimum project assignment scheme such that all projects are com- 
pleted at the minimum cost? (The order of technicians listed in the answer 
choices corresponds to project 1, project 2, project 3, and project 4.) 


(A) Tom, Scott, Ed, Jeri 
(B) Scott, Tom, Jeri, Ed 
(C) Ed, Jeri, Scott, Tom 
(D) Ed, Tom, Jeri, Scott 


The cost matrix can be reduced by subtracting any constant from a 
row, as long as the row entries remain greater than or equal to zero. 
Subtract eight from each row. The matrix is then 


Thus, for minimum cost, Ed should do job 1, and Scott should do 
job 4. Jeri should do job 3, and Tom should do job 2. The correct 
order is Ed, Tom, Jeri, and Scott. 


There is another assignment scheme that will result in the same min- 
imum cost: Tom, Ed, Jeri, Scott. However, this is not one of the 
options. 


The answer is (D). 


SYSTEMS-37 


If an integer programming problem is solved as a linear programming problem 
and the resulting values of the decision variable are rounded off, which of the 
following will result? 


(A) an optimum integer solution 

(B) a noninteger solution that is optimum 

(C) an integer solution that may be optimum, or close to it 
(D) an integer solution that is not optimum 
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After rounding off, the solution will be an integer. However, it will 
no longer be an exact solution. Thus, it may provide an optimum 
solution or only one that is close to optimum. 


The answer is (C). 


SYSTEMS-38 

Which of the following is NOT a good application of network analysis? 
(A) electrical engineering 

(B) information theory 

(C) the study of transportation systems 

(D) inventory theory 


Inventory problems are generally not solved using network analysis. 
Network analysis involves maximizing the flow through a network 
connecting a source and a destination. Inventory theory involves the 
optimization of the problem of stocking goods; it is not concerned 
with the flow through a network. 


The answer is (D). 


SYSTEMS-—39 


For which of the following is the Program Evaluation and Review Technique 
(PERT) NOT used? 


A) construction projects 

B) computer programming assignments 
C) preparation of bids and proposals 
D) queueing problems 


( 
( 
( 
( 


PERT is used to predict the completion time for large projects. All 


of the choices given except option (D) are projects that have a finite 
completion time. 


The answer is (D). 
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SYSTEMS-40 
Identify the FALSE statement. 


(A) 


The primary objective of PERT is to determine the probability of meeting 
specified deadlines. 

PERT identifies the activities that are most likely to “bottleneck” and the 
activities that are most likely to stay on schedule. 

PERT evaluates the sensitivity to changes in the program. 

To apply PERT, one should develop a network representation of the project 
plan. 


Linear programming automatically performs a sensitivity analysis of 
the variables as a by-product of the solution process. PERT, however, 
cannot provide a similar sensitivity analysis to evaluate the effect of 
changes in the program parameters. 


SYSTEMS~—41 


What are the basic features of dynamic programming problems? 


(A) 


I. The problem can be divided into stages with a policy decision required 
at each stage. 


II. Each stage has a number of states associated with it. 


Ill. The effect of the policy decisions at each stage is to transform the 
current state into a state associated with the next stage. 

IV. The problem formulation is dependent on the probability distribution 
associated with it. 


I only (B) IV only (C) Iand II (D) 1, II, and III 


Statement IV is irrelevant. There may not be a probability distribu- 
tion when deterministic problems are solved using dynamic program- 
ming. The formulation of the problem depends only on the first three 
statements. 
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SYSTEMS—42 


Which of the following statements about dynamic programming is FALSE? 


(A) 
(B) 
(C) 
(D) 


making a sequence of interrelated decisions. 

Dynamic programming provides a systematic procedure for determining 
the combination of decisions that maximize overall effectiveness. 

Dynamic programming can be represented in standard mathematical for- 
mulation. 


Dynamic programming is a conceptual approach to problem solving. 


Dynamic programming is a conceptual approach to problem solving, 
not a mathematical one. Its formulation depends on the specifics of 
the problem. 


The answer is (C). 


SYSTEMS-43 


Queueing theory provides a large number of alternative mathematical models for 
describing which of the following? 


(A) 


network problems 


(B) probabilistic arrivals 


(C) 
(D) 


probabilistic service facilities 
waiting line problems 


Queueing theory involves the mathematical study of waiting lines or 
y 
“queues.” 


The answer is (D). 


SYSTEMS-44 


The various elements of the queueing process are depicted as follows. 


service 
mechanism 


Which elements of the figure make up the queueing system? 


(A) 


I only (B) II only (C) III only (D) II and III 
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The queue (II) and the service mechanism (III) make up the actual 
queueing system. 


The answer is (D). 


SYSTEMS-—45 
In a queueing process of customers in a store, what statistical pattern will most 
likely describe the arrival of customers over time? 
: (A) the normal law of probability 
(B) the Poisson distribution 
(C) the uniform law of probability 
(D) the exponential distribution 


The common assumption is that calling units in a queueing process 
arrive according to a Poisson distribution. 


The answer is (B). 


SYSTEMS-~—46 


In a queueing process of customers in a store, what type of distribution most 
likely governs the time between consecutive arrivals of customers? 


(A) a normal probability distribution 
(B) an exponential distribution 

(C) a uniform probability distribution 
(D) a Poisson distribution 


The “interarrival time” is commonly assumed to be exponentially 
distributed. 


The answer is (B). 


SYSTEMS-—47 


The jobs to be performed by a particular machine arrive according to a Poisson 
input process with a mean rate of 1 per hour. If the machine breaks down and 
requires 2 h to be repaired, what is the probability that the number of new jobs 
that arrive during the 2 h period is zero? 


(A) e? (B) e`! (C) 1 (D) e 
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For a Poisson distribution, the probability, p, of x jobs arriving in a 
time, t, is given by 
ent 
p{z} = At ( zi ) 


à is the mean arrival rate. Therefore, 


piz} = ( i) (2h)? (A 


— e72? 


The answer is (A). 


SYSTEMS-48 


In a queueing system that has an arrival rate of 5 customers/h, the expected 
waiting time for any customer in the system, including service time, is 40 min. 
What is the expected number of customers in the system under steady-state 
conditions? 


(A) 5/40 customers (B) 2/15 customers 
(C) 10/3 customers (D) 8 customers 


Little’s formula states 
L=dAW 


L is the expected number of customers in the system, A is the mean 


arrival rate of customers per hour, and W is the expected waiting 
time for each customer. Thus, 


customers 2 
re (s m) (G h) 


= 10/3 customers 


The answer is (C). 
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SYSTEMS—49 


Consider a queueing system with three servers, such that the mean service rate 
for each busy server is 2 customers/h. If the mean arrival rate of customers is 
5/h, what is the expected fraction of total time that all servers will be busy? 
Assume steady-state conditions. 


(A) ?/s (B) %/s (C) */s (D) =% 


The expected fraction of time that all servers will be busy is 


; : 1 
fraction of t = (arrival rate) (rann 


m) 


h 


customers 
7 (s customers 


= 5/6 


The answer is (D). 


SYSTEMS-50 
Consider the following equation. 


Ay Ag Ag 
FEA F 
§-—Q, 8—0, 8s+43 


If s1, 82, and sg are the poles corresponding to the three terms in F(s), respec- 
tively, which point on the graph may represent s3 if ag is real and a3 > 0? 


(A) Sa (B) 3 (©) se (D) sa 
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s3 = —a3. Since az > 0 and real, s3 is located at the negative real 


The answer is (A). 


SYSTEMS-—51 


The pole diagram is shown for the following equation. 


F(s) = P(s) _ P(s) 

~ Q(s) (8? + 2wns + w2)(s — 83) 
If s1, s2, and s3 are the poles corresponding to the solution of (s? + 26wns +w2) 
and (s — sg), respectively, what points on the diagram correspond to sı and 82? 
(¢ >0, wn > 0, and ¢ < 1. s3 is not plotted.) 


(A) Sa and 3, (B) sa and se (C) 8a and sa (D) sp and se 


—2wn + 42w — 4w? 
2 


= —Cwn £ juny 1 —¢? 


$1, $82 = 


The roots of s* + 2¢w,s +w? must be either s, and s, or 3c and sq, 
since the jw components are of the same magnitude but different in 
sign. The algebraic expression gives negative roots. Therefore, the 
solution is on the left side of the plot. 


The answer is (A). 
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SYSTEMS-—52 
The following function is plotted on a pole-zero diagram. 


K(s— 21) 
s(s — p1)(8 — p2) 


F(s) 


The 2; value and the jw axis are not shown. The magnitude of p; is larger than 
the magnitude of pz, and both are positive numbers. Determine which of the 
following statements is true. 


Se 
Sa FA T 
X a 


(A) pi = 8a, P2 = 85 
(B) Pl = 8b, P2 = 83a 
(C) pi = Se, P2 = Sa 
(D) pı and pz are real and described by s, and sq. 


Since pı and pz are positive numbers, they are real numbers. There- 


fore, pı and pz fall on the ø-axis. pı is of greater magnitude than pa 
and is, therefore, to the right of po. 


The answer is (B). 


SYSTEMS-—53 


Which of the following best describes the function shown? 


output, y 
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(A) It has a dead zone. 

(B) It is a saturated zone system. 

(C) There is both a dead zone and a saturated system zone. 
(D) It is an impulse zone system. 


The dead zone occurs in the region where there is no amplitude near 
the origin. The positive and negative saturation occurs after a short 
linear increase or decrease, respectively. A ramp would only have 
a single, continuously increasing function. An impulse is a narrow 


The answer is (C). 


SYSTEMS-54 
Which of the following is true about the function shown? 


output, y 


(A) It has a dead zone with linear output outside the dead zone. 
(B) It has a dead zone with saturation. 

(C) There is no dead zone. 

(D) It has a dead zone with hysteresis. 


This is a classic hysteresis input/output curve with a dead zone. 


There is no information given about the stability of the system. There 
is no ramp present. 


The answer is (D). 
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SYSTEMS-55 


The frequency response of a system is given by 


By differentiation, the peak value of M, Mmax, and the frequency at which 
it occurs, Wmax, are expressed in terms of the damping ratio, ¢, and natural 
frequency, Wn- 

Mmax = 


1 
xVi-G 


Wmax = wn y1 — 2C2 
Determine which curve in the figure is a correct representation for M to be the 
largest response. 


(A) M=M; (B) M =M: (C) M = Msg (D) M = M4 


As w goes to Wmax, M should increase to its peak value. Therefore, 
the shape of Mz and My, are both correct. However, since Mmax is 
always positive, only M2 is correct. 


The answer is (B). 
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SYSTEMS—56 


The frequency response of a system is given by 


M_ Xo(jw) 


a X(jw) 


By differentiation, the peak value of M, Mmax, and the frequency at which 


frequency, wn- i 
Mmax = Å= 
EEE 

Wmax = Wn V 1 — 2? 


Considering the polar plot shown, for what range of w does the peak response 
in amplitude occur? 


I On 207 


-90° 


~ 135° 


-180° 


(A) w is at point II. 

(B) w is at point IV. 

(C) w is between points I and II. 
(D) w is between points II and II. 


A plot of Mmax shows that the peak falls between 0 and w,. The 
polar plot shows two conjugate poles for a simple second-order sys- 
tem. The damping ratio, ¢, and the natural frequency are used to 
determine Wmax- The peak is at wmax = Wn y1 — 2¢?, except when 
¢ = 0 (completely undamped), Wmax € Wn. 


The answer is (C). 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


& $ a a = s a 


15-40 1001 SOLVED ENGINEERING FUNDAMENTALS PROBLEMS 
SYSTEMS-57 
Which of the following Q(s) equations can be stable? 
I. 4s* + 857 + 38+2=0 
II. 484 + 257 + 897+ 38+2=0 
III. 494 + 283 + 8js7+5s+2=0 
IV. 4st + 283 + 8s? — 3s +2 =0 
(A) I only (B) II only (C) I and IV (D) II and III 
The Routh test indicates that the necessary conditions for a polyno- 
mial to have all its roots in the left-hand plane (i.e., the system is 
stable) are (a) all of the terms must have the same sign; and (b) all 
of the powers between the highest and the lowest value must have 
nonzero coefficients, unless all even-power or all odd-power terms are 


missing. Condition (a) also implies that the coefficient cannot be 
imaginary. Equation II is the only equation that meets the criteria. 


The answer is (B). 


SYSTEMS~58 


The Routhian array for the following equation is given. 


Q(s) = s + 68° + 138? + (20+ K)s + K =0 


For what range of K will the system be stable? 


(A) 0< K <33 (B) 33 < K <58 
(C) 58 < K < 116 (D) 0< K < 116 
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For the system to be stable, there can be no sign changes in the first 
column of the Routhian array. Since the first two entries of that 
column are positive, the last three entries must also be positive. The 
entry in the s? row gives K < 58, while the entry in the s° row gives 
K > 0. The numerator in the s! row is equal to —K? + 2K + 116, 
with roots of —35.1 and 33.1, or -35.1 < K < 33.1. For K to satisfy 
all these restrictions, 0 < K < 33. 


SYSTEMS-—59 


The characteristic equation for a system is 


Q(s) = s4 +5s° +108? + Ks -1=0 
K>0 


The Routhian array is 


K(50 — K) +25 
(5)(50 — K) 


Which of the following statements is true? 


(A) The system is unstable at all points. 

(B) The system is unstable for K < 50. 

(C) The system is stable for 0 < K < 50. 

(D) The system is stable for some point above K = 50. 


For the system to be stable, there can be no sign changes in the first 
column of the Routhian array. The (50— K) term in the s? row means 
that the system should be stable for 0 < K < 50. The term in the s1 
row requires that —0.49 < K < 50.5. Thus, the range of values for K 
for the system to be stable is 0 < K < 50. 


The answer is (C) 
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SYSTEMS-60 


A control system is constructed from linear time-invariant elements as shown. 
What is the requirement of the constant K so that the closed-loop system is 
stable (i.e., so that bounded input yields bounded output)? 


(A) K<-5/3 (B) K<-3/5 (©) K>-3/5 (D) K>0 


System transfer function G(s) for the closed-loop system is 


= ef erak 


In order for the system to be stable, the pole of the closed-loop sys- 
tem transfer function needs to be at the left hand side of the plane. 
Therefore, 

8) = -3-5K <0 


K > -3/5 


The answer is (C). 
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SYSTEMS-61 


Given the following transfer functions, which of these statements is true? K is 
a constant. 
K 


Gi(s) = 
1 
K|s8s+ = 
Go(s) = ia) z) 
(A) G(s) is as stable as G(s). 


Ta 
s+ 5 
(B) G2(8) is less stable than G1 (8). 
(C) Ge(s) has slower transients than G(s). 
(D) none of the above 


A system’s stability is determined by its poles. Gi(s) and Go(s) have 
the same poles, 0 and —1/B,. The addition of another zero at 1/Bo 
in system G(s) does not change the stability. The addition of the 
zero also does not change the decay rate of the function. Therefore, 
the correct answer is option (A). 


The answer is (A). 


SYSTEMS-62 


For the following control system, what is the steady-state error €ss(t) for a ramp 
input function? 


X(s) 


(A) 0 (B) 1/4 (C) 15/8 (D) œ 
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Rearrange the open-loop transfer function to Canonic form. 


G(s) = Gi(s)Go(s) = (5) G > =) 


_ (as) C5") Ge) 


HHE) +s) 


2.5 


Therefore, A, = 8/15 and T = 1. 


This is a type 1 system. Using the steady-state error analysis table, 
the steady-state error e,,(t) for a ramp input function is 


1 
ess (t) = E” 15/8 


The answer is (C). 


SYSTEMS-63 


Both of the curves shown represent a system response of the form 


K 


G) Fae s)(1 + 0.53) 


Kı is the gain for curve I, and K3 is the gain for curve II. Which of these 
statements is true? 


response 
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A) Kı is greater than Ko. 

) K; is less than Ko. 
) The size of K has no effect on the response. 
) K is the same for both functions. 


(A 
(B 
(C 
(D 


Generally, the gain, K, has a direct effect on the type of response ob- 


tained. Larger values of gain give larger overshoots or longer settling 
times. Thus, the gain of curve I is larger than the gain of curve II. 


The answer is (A). 


SYSTEMS-64 
A control system has a control response ratio of 


C(s) _ a ee 
R(s) s?+0.3s+1 


Given that the damping ratio is ¢ < 0.707, how many peaks occur in the transient 
prior to reaching steady-state conditions? 

(A) zero 

) 

) two 
) The function gives a minimum. 


The control ratio has two complex poles, which are dominant, but it 
has no zeros. The poles are (—0.15 + 70.88) and (—0.15 — j0.88). For 
a damping ratio of ¢ < 0.707, a peak occurs. The control response is 


in the form 
CoC E 
R(s) ~ 82+ wns + w2 
Then, 
we =1 
2¢ = 0.3 
¢=0.15 
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The system is underdamped. Therefore, there is only one peak value 
given by the formula. 


i -a 
Mu = ATTE ~ (0.18) 1 OT 


= 3.371 


The answer is (B). 


SYSTEMS-65 


Which of the following is the correct transform for the following function? 


PO ro 
(A) (3) (: e T 2 
wara i) 
© (2) 0t r) 
TES 
F) = 54 Z+ a 

a (eraem TET) sm0 a 

r= (rii 75) D Ta T 

o= (Garaery) + a 
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sof (t) = L71(F(s)) = A+ Be% + ce™ [fort > 0) 


5+ (geen) (een) 


(as) (+ ge) Gea) *) 


The answer is (A) 


SYSTEMS-66 
A circuit with inductance L and resistance R has the transfer function 
R 
GW) = =F 
(iw) R? + (wL) 
Alternatively, 
. 1 
Ce) TT ia 
L 
R 


Which of these statements is true about the polar plot of the function? 


Y | 90° 
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(A) I shows w going to zero. 

(B) Il shows w going to zero. 

(C) Ifthe inductor is replaced by a capacitor, the plot will be in the upper half 
of the phase plane. 

(D) Both options (A) and (C) are true. 


As w approaches co, |G(jw)| approaches 0. As w approaches 0, 
|G(Qjw)| approaches 1. I shows w going to zero. If the inductor is 
a capacitor, the plot would be “reflected” on the horizontal axis into 
the top half of the plane. 


The answer is (D). 


SYSTEMS-67 


A typical transfer function is as follows. 


_ O(jw) 
B(jw) 


GGw) 
K 


juw(1 + jwT)(1 + jwT2)(1 + jwTs) 


The plot is as shown. 
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Which of the following is true? 


(A) Lis where G(jw) = 0. 

(B) I is where G(jw) approaches oo. 
(C) Il is where G(jw) approaches oo. 
(D) II is where G(jw) approaches —oo. 


In the equation, as w approaches 0, G(jw) approaches co, and as 
w approaches oo, G(jw) approaches 0. Therefore, point I is where 
G(jw) approaches oo. 


The answer is (B). 
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16 SCIENCE 


COMPUTER SCIENCE-1 
Where is the error in the following FORTRAN program? 


670 READ L,M,N 
680 DATA 33 40 60 
690 PRINT L+M/N 
700 PRINT L*N+M 
800 END 


(A) line 670 (B) line 680 (C) line 690 (D) line 700 
Line 680 should have commas separating the data points. 


The answer is (B). 


COMPUTER SCIENCE-2 
What is the output of the following FORTRAN program? 


100 DATA ‘June’,15,1955 
200 READ N$ 

300 DATA 1948 

400 READ C,X,X; 

500 PRINT X;,N$,X,C 


(A) 15,1955,June,1955 
(B) June 15 1955 1948 
(C) 1948 June 1955 15 
(D) 1948 June 15 1955 
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June is assigned to N$, 15 is assigned to C, 1955 is assigned to X, and 
1948 is assigned to X,. The output will be: 1948 June 1955 15. 


xr is (C). 


COMPUTER SCIENCE-3 


In the given program, what is the value assigned to N? 


N=0 

GO TO 50 

FOR X=~1 TO 7 
N=6 

FOR Y=3 TO 6 
N=X*Y+16 
NEXT Y 

NEXT X 

PRINT N 

END 


(A) ~3678 (B) —356 (C) 0 (D) 98 


The statement of line 15 bypasses the loops, and N remains the value 
assigned to it in line 10: N=0. 


The answer is (C). 


COMPUTER SCIENCE-4 


Determine the output of the given program. 


FOR X==—1 TO 8 STEP 3 
S=0 

FOR Y=0 TO 4 STEP 2 
S=5+X*Y+1 

NEXT Y 

PRINT $ 

NEXT X 

END 


(A) -5151824 (B) -3153351 (C)0172384 (D) 72122128 
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S gets assigned a value three times during the first loop of X, and is then 


printed. 
=~1 
S= §=04 (—1)(0)+1=1 
Y=0 
X=-—1 
S=1 S=1+4(-1)(2)+1=0 
Y=2 
X=-1 
S=0 S = 0+ (—1)(4) +1 = -3 
Y=4 


This may be continued for the subsequent loop values of X. The corre- 
sponding § values printed are 15, 33, and 51. 


The answer is (B). 


COMPUTER SCIENCE-5 


What are the respective values of A1, A2, and Ag, given the following assign- 
ments? 


A,=INT(5) 
A =INT(10.4) 
A3=INT(~10.4) 


(A) A\=5, Ae2=10, As=—10 
(B) Ai=5, Ag=11, As=—10 
(C) Aj=5, Ag=10, Ag=—11 
(D) Ai=5, Ag=11, As=—11 


The INT function assigns the largest integer value not greater than 
the original value. 5, 10, and —11 are the respective A values. 


The answer is (C). 
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COMPUTER SCIENCE-6 
What would be the value printed as a result of the following instructions? 
10 DEF FNA(X)=X**2+1/X 


20 PRINT FNA(2) 
30 END 


(A) 3.2 (B) 4.5 (C) 6.5 (D) 7.2 
FNA(2) = (2)? +5 = 45 


The answer is (B). 


COMPUTER. SCIENCE-7 
What would be the output of the following FORTRAN program? 


10 DEF FNA(X,Y)=X*2+X*3—X*Y 
20 READ B(1),C,D 

30 DATA 3,2,4 

40 PRINT FNA(B(1),B(1)) 

50 PRINT FNA(C/D,C*D) 

60 END 


(A) 6,-1.5 (B) 8,3 (C) 9-11 (D) 11,—9 


From the READ and DATA statements, B(1) is 3, C is 2, and D is 4. 
Thus, in line 40, B(1) replaces X and Y in the function statement. of 
line 10. The output of line 40 is 


(3)(2) + (8)(3) — (3)(3) = 6 


Line 50 assigns X = 2/4 = 1/2 and Y = (2)(4) = 8, and then prints 
the function output 


(5)@+(5)@-(G)@=-15 


The answer is (A). 
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COMPUTER SCIENCE-8 
If table Y represents an array, and B is 2, what is the value of Y(B+2)? 


1 90 


(A) —22 (B) —18 (C) 17 (D) 70 
When B is 2, Y(B+2)=Y(4). The value for Y(4) is 70. 


The answer is (D). 


COMPUTER SCIENCE-9 


Why is the following expression NOT acceptable as a FORTRAN integer con- 
stant? 
237, 100 


(A) The first character must be a letter. 
(B) There are more than six characters. 
(C) There is no decimal point. 

(D) It contains a comma. 


Commas are not allowed in integer constants. 


The answer is (D). 
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COMPUTER SCIENCE-10 
Which of the following are acceptable as FORTRAN integer variables? 


I. NINA II. A+10 III. INTEGER IV. 2813 V. A160 
(A) I only (B) I and V (C) I and II (D) I, II, and V 


Variable names can be formed from up to six characters, the first 
character being a letter. Integer variables must begin with the letters 
I, J, K, L, M, or N; all other variable names represent real variables. 
The characters must be alphanumeric, hence the + character in II is 
not allowed. Iis the only acceptable choice. 


The answer is (A). 


COMPUTER SCIENCE-11 
Which of the following is NOT acceptable as a FORTRAN integer variable name? 
(A) IRISH (B) KOST (C) MAPLE (D) INSERTS 


INSERTS exceeds the limit of six characters. 


The answer is (D). 


COMPUTER SCIENCE-12 


Which of the following are NOT acceptable as FORTRAN integer constants? 
I. 5000 Il. —14 TI. A15 IV. 16.52 V. +999 


(A) I and II (B) II and III (C) Hand IV (D) II III, IV, and V 


An integer constant cannot begin with a letter character and cannot 
have a decimal point. Thus, III and IV are unacceptable. 


The answer is (C). 
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COMPUTER SCIENCE-13 

Which of the following are NOT acceptable as FORTRAN real constant names? 
I. APPLE Il. LAMB III. 4ABC IV. WATER V. TREE 
(A) II and III (B) IV and V (C) I, IL and II (D) I, IM, and V 


LAMB is incorrect since the initial character L denotes an integer 
variable. 4ABC is incorrect since the first character should be a letter. 


The answer is (A). 


COMPUTER SCIENCE-14 
What is a correct declaration form for the logical variable AZ? 
(A) AZ=.TRUE. (B) AZ=1 (C) AZ=1. (D) AZ='TRUF 


For a logical variable, TRUE is enclosed in periods only. 


The answer is (A). 


COMPUTER SCIENCE-15 
Which of the following is NOT acceptable as a FORTRAN statement? 
(A) A=B (B) A=B+C (C) AB=C*D (D) A*B=C*D 


an operation. Option (D) is unacceptable. 


The answer is (D). 


COMPUTER SCIENCE-16 


A=3.4+(18*(4**2+17.2*8/6))—2/4 


(A) 92.5 (B) 178.1 (C) 502.1 (D) 703.7 
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The expressions within parentheses are evaluated first. This is fol- 
lowed by exponentiation, multiplication and division, and addition 
and subtraction. Within each level of operation, the expressions are 
performed left to right. 


A = 3.4+ ((18)(16 + 22.93)) — 0.5 = 703.7 


The answer is (D). 


COMPUTER SCIENCE-17 
What value would the computer assign to the FORTRAN variable D8=1.0E8—1.5E6? 
(A) —0.5 x 10? (B) 1.5 x 10? 

(C) 9.85 x 107 (D) 10.5 x 107 


The letter E denotes scientific notation. Therefore, 


D8 = (1 x 108) — (1.5 x 10°) = 9.85 x 107 


The answer is (C). 


COMPUTER SCIENCE-18 


Which of the following is a valid FORTRAN statement for the algebraic expres- 


sion below? 
3z? — 5r 


y2 +1 

(A) 3.0*X**2.0—5.0*X/Y**2.0+1.0 

(B) (3.0X**2.0—5.0X)/Y**2.0+1.0 

(C) (3.0*X**2.0—5.0*X) /(¥**2.0+1.0) 

(D) (3.0*X**2.0—5.0X) /(Y¥**2.0+1.0) 
The numerator and denominator must be enclosed in parentheses. 
Each operation must be explicitly and unambiguously stated. 3.0X 
is not a substitute for 3.0*X. 


The answer is (C). 
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COMPUTER. SCIENCE-19 
Which of the following is a FORTRAN expression corresponding to the given 


formula? 
In (a+ ve) 
sin (c +1) 


(A) ALOG10(A+SQRT(B**3.0))/SIN(C**2.0+1.0) 
(B) LOG(A+SQRTB**3.0) /SIN(C**2.0+1.0) 
(C) ALOG(A+SQRT(B**3.0)/SIN(C**2.0+1.0)) 


(D) ALOG(A+SQRT(B**3.0)) /SIN(C**2.0+1.0) 


The FORTRAN expression for the natural logarithm is ALOG, fol- 


term in option (C) includes the denominator due to a misplaced 
parenthesis. 


The answer is (D). 


COMPUTER. SCIENCE-20 
How would the algebraic expression below be written in FORTRAN? 


z 2-1 
(+) 
Y 


(A) (1.0+X/Y)*(X-1.0) 
(B) (1.0+X)/Y**(X—1.0) 
(©) (1.0+X/Y)**(X—1.0) 
(D) (1:0+X/Y)**X-1.0 


(A) has a multiplication sign instead of an exponent sign, and the 
first term in option (B) is incorrect. Only option (C) is correct. 


The answer is (C). 
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COMPUTER SCIENCE-21 
How would the following expression be written in FORTRAN? 


(A) (2.0-X)/SQRT(X**2.0~1.0/Y) 
(B) 2.0—(X/SQRTX**2,0-1.0/Y) 
(©) 2.0-X/SQRTX**2.0-1.0/Y 

(D) 2.0—X/SQRT(X**2,0-1.0/Y) 


The parentheses in options (A) and (B) are wrong, and option (C) is 
missing parentheses around the SQRT term. 


COMPUTER SCIENCE-—22 


Which of the following is the mathematical equivalent of the given FORTRAN 
expression? 


SIN(2.0P1)** ABS(Y—1.0) 


(A) (sin 27)¥-} (B) (sin 2m)!y-1I 
(C) sin 2m x x|y —1| (D) sin(2m)ly-1l 
The exponent in option (A) should have absolute value signs, the (**) 


character in option (C) is meaningless in math, and (sin 27) should 
be enclosed in parentheses in option (D). 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


a z a 


COMPUTER SCIENCE 16-11 


COMPUTER SCIENCE—23 


What is the output of the following FORTRAN program? (u denotes a blank 
space.) 


F=50.0*4.6 
WRITE(6,100)F 
100 FORMAT(’ ’,T6,E9.3) 


(A) 0.230E,,03 (B) ,0.230E,,03 
(C) uuuuuu2-30E u02 (D) uuuuul.230Eu03 


The T format in line 100 specifies the column location where the 
output starts. Thus, there are five blank spaces before the output. 
E9.3 means there are to be nine character positions reserved for the 
output, with three digits printed to the right of the decimal point in 
the scientific notation. 


The answer is (D). 


COMPUTER SCIENCE~24 


Which of these FORTRAN format specifications reads the input —567610 as 
—5676.10? 


(A) F6.2 (B) F7.2 (C) F7.3 (D) F8.2 


There are a total of eight character positions used, including the neg- 
ative sign and the decimal point. Since there are two digits to the 
right of the decimal, the correct format specification is F8.2. 


The answer is (D). 
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COMPUTER SCIENCE-25 


In a spreadsheet, the number in cell A2 is set to 2. Then cell B2 is set to 
A2*4/$A$2, where $ indicates the absolute cell address. This formula is copied 
into cells C2 and D2. The number shown in cell D2 is 


(A) 2 (B) 4 (C) 8 (D) 16 


The formula and value of each cell is as follows. 


The answer is (D). 


COMPUTER SCIENCE-26 


Which of the following is the corresponding FORTRAN FORMAT statement for 
this output? (u denotes a blank space.) 


vuUULSUM=_)2230. 


(A) 10 FORMAT(5X,‘SUM=’,F5.1) 
(B) 10 FORMAT(5X,‘SUM=’,1X,F5.0) 
(C) 10 FORMAT(5X,‘SUM=’,F6.1) 
(D) 10 FORMAT(5X,‘SUM=’,1X,F5) 


For the output, there are five blanks followed by text, then one blank, 
and finally a five-character number with no digits to the right of the 
decimal point. Option (B) is the correct choice. 


The answer is (B). 
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COMPUTER. SCIENCE-27 
What should be the READ and FORMAT statements for this data output? 
input data = 315.66 


(A) READ(5,20)I 
20 FORMAT(I6) 


(B)  READ(5,20)S 
20 FORMAT(F6.2) 


(C)  READ(5,20)S 
FORMAT(F6.2) 


D)  READ(5,30)S 
20 FORMAT(F6.2) 


Since the input is a real number, neither an integer variable I nor 
an integer field I6 can be used, thus option (A) is wrong. Option 
(C) is missing its FORMAT statement number, and the FORMAT 
statement number in option (D) does not match the READ statement 
number. 


The answer is (B). 


COMPUTER. SCIENCE-28 


Which of the following is the corresponding output of this WRITE statement? 
(u denotes a blank space.) 


KX=130 
SUM=125.3869 
WRITE(6,3)KX,SUM 

3 FORMAT(I6,2X,F8.2) 


(A) 180uuuuuUU125.39 
(B) uu1304125.39 uuu 
(C) uuul30uuuul25.39 
(D) unul30125.39uuuu 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


= 


16-14 1001 SOLVED ENGINEERING FUNDAMENTALS PROBLEMS 


The integer 130 will be written first, with six character positions al- 
lotted to it. There will be three blank spaces preceding the numerals, 
since numbers are always flush with the right side of the specified 
column block. After 130, two blanks are printed due to the 2X in the 
FORMAT statement. Finally, the real number SUM is written, with 
two digits to the right of the decimal and eight character positions 
overall. The number will be flush right in its block. 


COMPUTER SCIENCE~-29 


Which of the following are correct WRITE and FORMAT statements for the 
output A=,,0.023E,,05? (u denotes a blank space.) 


(A) WRITE(6,2)A 
2 FORMAT(T2,‘A=’,1X,19) 
(B)  WRITE(6,2)A 
FORMAT(T2,‘A=’,T4,E9.3) 
(C)  WRITE(6,2)A 
2 FORMAT(T2,‘A=’,1X,F9.3) 


(D)  WRITE(6,2)A 
2 FORMAT(T2,‘A=’,1X,E9.3) 


For an output in scientific notation, the FORMAT statement cannot 
use an I- or F-mask as in options (A) and (C). There is no FORMAT 
statement number in option (B). 


The answer is (D). 
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COMPUTER SCIENCE-30 
Which of the following is the output of this WRITE statement? 


WRITE(6,10) 
10 FORMAT(1X,‘THE NUMBER=’,2X,‘33.15’) 


) yTHE NUMBER, =,33.15 

) uTHE .NUMBER=_)1)33.15 
2) UTHE NUMBER =,4)33.15 

) THE .NUMBER=()111))33.15 


There is a blank space before “THE NUMBER=,” then two more 
blanks, and then 33.15. There is no space between the letter R and 
the equal sign. 


The answer is (B). 


COMPUTER SCIENCE-31 


Numerical characters arranged as 22.2,,55184.5,,750 are available to be read. 
(u denotes a blank space.) What numbers will the computer read using the 
following FORMAT statement? 


READ(5,8) X1, X2, X3, X4 
8 FORMAT(4F4.2) 


(A) 22.2, 5.51, 8.45, 7.50 
(B) 2.22, 5.51, 84.5, 7.50 
(C) 22.2, 55.10, 84.5, 7.50 
(D) 22.2, 5.51, 84.5, 7.50 


The FORMAT statement specifies that the input is to be read four 
character spaces at a time from left to right, four times successively. 
The number read in will consist of four characters, with a maximum 
of two decimal places. If a decimal point was one of the initial four 
characters, it will be kept. Thus, the input is read as: 22.2, |,551, 
84.5, and 750, which become evaluated as 22.2, 5.51, 84.5, and 7.50. 


The answer is (D). 
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COMPUTER SCIENCE-32 


Which of the following is the correct WRITE statement to print the even numbers 
from 2 to 40, assuming conventional output device reference numbers? 


8 FORMAT(20I2) 


(B) WRITE(5,8) (I=2,40,2) 
8 FORMAT(2012) 


(C) WRITE(6,8) (I=2,40,2) 
8 FORMAT(2012) 


(D)  WRITE(6,8) (I=2,40,2) 
6 FORMAT(20I2) 


The first number in the WRITE line should be 6, the conventional 
reference number for a printer; the WRITE line in option (B) refers 
to an input device instead of a printer. The second number is the 
FORMAT line number which is to be used; option (D) does not have 
the correct number in this case. Both options (A) and (C) have 
errors in their loop specifications: the first two numbers specify the 
beginning and end of the loop, and the third number specifies the 
increment within the loop. The correct loop specification should be 
(I=2,40,2) as in option (C). 


The answer is (C). 


COMPUTER SCIENCE-33 


A data line is as follows: 21.459214.5307421557.82134524, Which of the following 
is an incorrect storage of this data using the following READ statement? 


READ(5,98)A,B,1,J,C,K 
98 FORMAT(2F7.4,212,F6.2,13) 


(A) A=21.4592 (B) B=14.5307 (C) J=15 (D) K=134 
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The FORMAT statement specifies that the data is to be read from 
left to right in two blocks of seven character spaces, two blocks of two 
character spaces, one block of six, and one last block of three spaces. 
Since each block corresponds to a variable, K=345 and not 134. 


COMPUTER. SCIENCE-34 


Which of the following is a correct IF statement? 


(A) IF.(LGE.5) GO TO 7 
(B) IF (I,GE,5) GO TO 7 
(C) IF (1.GE.5) 

(D) IF (L.GE.5) GO TO 7 


The logical IF statement has the form 

IF [le] [statement] 
[le] is a logical expression and [statement] is any executable state- 
ment except DO or IF. The operator within the logical expression 
should be of the form .[op]., and there should be no periods or commas 


between the components of the statement. There are no commas as 
in option (B). 


The answer is (D). 
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COMPUTER SCIENCE-35 


What value is assigned to Q in this program? 


R=18.0 
S=6.0 

T=2.0 
Q=R/S**T-T 
IF Q 10,20,30 
Q=10 

GO TO 40 
Q=100 

GO TO 40 
Q=1000 

END 


(A) -1.5 (B) 10 (C) 100 (D) 1000 


Before the numbered lines, Q gets the value 


Since Q is less than zero, the IF statement passes control of the pro- 
gram to line 10, where Q is reassigned the value of 10. The program 
then skips to the END line. 


The answer is (B). 


COMPUTER SCIENCE-36 


Which of the following DO statements counts J from 1 to 11 in increments 


of 2? 


(A) DO 5 J=1,2,11 (B) DO 5, J=1,11,2 


(C) DO 5 J=1.11.2 (D) DO 5 J=1,11,2 
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The general form of the DO statement is DO s i = j,k,l. sis a 
statement number, į is the integer loop variable, 7 is the initial value 
assigned to i, k is an inclusive upper bound oni, which must exceed j, 
and l is the increment for i. Thus, the correct form of the statement 
is DO 5 J = 1,11,2. 


COMPUTER SCIENCE-37 


What is wrong with this program? 


DO 20 I=1,5 
A(1)=5.8 
I=5 


20 CONTINUE 


(A) A cannot be a real number. 

(B) I cannot be an integer. 

(C) There is an excess comma in the DO statement. 
(D) The value of I cannot be changed in the DO loop. 


The integer loop variable I is made a constant, creating an error in 
the DO loop. 


The answer is (D). 


COMPUTER. SCIENCE-38 


Which of these expressions for a one-dimensional array, A, is acceptable? Assume 
B, H, I, J, K, and L are greater than zero. 


(A) A(LK) (B) A(H+J) (C) A(2*L-1) (D) A(-3) 


Option (C) is the only acceptable one-dimensional array. Since the 
array variable or element must be an integer variable or a positive 
integer, options (B) and (D) are wrong. Option (A) is an acceptable 
form for a two-dimensional array. 


The answer is (C). 
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COMPUTER SCIENCE-39 

Which is the correct DIMENSION statement for a 9x 9 matrix, A, and a vector, 
B, with nine elements? 

(A) DIMENSION A(9.9),B(9) 

(B) DIM A(9,9),B(9) 

(C) DIMENSION A(9,9),B(9) 

(D) DIMENSION, A(9,9),B(9) 


The correct choice is option (C). The DIMENSION statement does 
not use periods, thus option (A) is wrong. Option (B) does not 
have DIMENSION written completely, and option (D) has an extra 
comma. 


The answer is (C). 


COMPUTER SCIENCE-—40 


A 2x 2 matrix, Z, is loaded from a DATA statement in the following order: 
15.0, 10.0, 7.0, 20.0. List the matrix elements of Z in order of descending data 
magnitude. 


(A) Z(1,1), Z(1,2), Z(2,1), Z(2,2) 
(B) Z(2,2), Z(1,1), Z(1,2), Z(2,1) 
(C) Z(1,1), Z(2,1), Z(1,2), Z(2,2) 
Z(2,2), Z(1,1), 2(2, 1), Z(1,2) 


The matrix elements are assigned in the order Z(1,1), Z(2,1), Z(1,2), 
and Z(2,2). These elements get the respective values of 15.0, 10.0, 
7.0, and 20.0. Thus, in order of descending magnitude, the matrix 
elements are Z(2, 2), Z(1,1), Z(2,1), Z(1,2). 


(D 


Sw 


The answer is (D). 


COMPUTER SCIENCE-41 
Find the values of X and Y after this program segment has been performed. 
X=2 


=4 
(A) X=2,Y=4 (B) X=4,Y=4 © X=4, Y=2 (D) X=2, Y=2 
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The logic sequence is 
Z=X=2 
X=Y=4 
Y=Z=2 


The final X and Y values are 4 and 2, respectively. 


The answer is (C). | 


COMPUTER SCIENCE-—42 
What is the value of A after this program segment is performed? 


A=0 
DO 77 I=1,4 
77 A=A+I 


(A) 4 (B) 5 (C) 8 (D) 10 


A table of the value of A after each loop is 


COMPUTER. SCIENCE-43 

Matt is downloading an 800 kB file from the internet using his 28.8k modem. 
How long will it take him to finish downloading? 

(A) 0.46 min (B) 3.7 min (C) 3.8 min (D) 4.1 min 
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The number of bits to be transmitted is 


no. of bits transmitted = (800 kB) (1024 E) (s =) 
= 6.55 x 10° bits 


The modem transmits at 28800 bits/s. The time required for down- 


loading is 
be: total bits to be transmitted _ 6.55 x 10 bits 
transmission speed (2s 800 =| (60 5) 
min 
= 3.8 min 
COMPUTER SCIENCE-44 
Find the value of J after executing the following program. 
I=1 
J=0 
15 J=J**2+1**2 
IF (LEQ.3) GO TO 16 
I=I+1 
GO TO 15 
16 CONTINUE 
(A) 9 (B) 15 (C) 34 (D) 40 


The value of J after each loop is 


The answer is (C). 
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Which of the following sets of statements gives a value for ISUM different than 
the others? 


(A) 


10 


10 


(D) 


10 


ISUM=0 
DO 10 I=1,5 
ISUM=ISUM+I*2—1 
CONTINUE 


ISUM=0 

ISIG=1 

DO 20 I=1,9 

IF (ISIG.EQ.—1) GO TO 10 
ISUM=ISUM+I 
ISIG=—ISIG 

CONTINUE 


ISUM=O 

DO 10 I=2,10,2 
ISUM=ISUM+I 
CONTINUE 
ISUM=ISUM—10 


ISUM=0 

DO 10 I=1,9,2 
ISUM=ISUM+I 
CONTINUE 


Option (C) gives ISUM=20. All other options give ISUM=25. 


The answer is (C). 
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COMPUTER SCIENCE-46 
What is the purpose of the following program? 


DIMENSION KK(100) 
10 KK()=I 
DO 60 J=2,7 
DO 30 K=J,50 
N=J*K 
30 KK(N)=0 
60 CONTINUE 
DO 80 I=1,100 
IF (KK(1).EQ.0) GO TO 80 
WRITE(5,101) KK(I) 
101 FORMAT(3X,I5) 
80 CONTINUE 


(A) to find a sum of the even numbers between 1 and 100 
(B) to find a sum of the odd numbers between 1 and 100 
(C) to find the prime numbers between 1 and 100 

(D) to sort the numbers of KK(100) in descending order 


This program finds the prime numbers between 1 and 100. It sets all 
nonprime values of the array KK equal to zero, and then writes out 
what remains. 


The answer is (C). 


COMPUTER SCIENCE-47 
Given the following statements, what is the value of R in the MAIN program? 


EXTERNAL EXP main program 
A=0.0 

R=FUNCT(A,EXP)+20.0 

FUNCTION FUNCT(X,FX) function definition 
FUNCT=FX(X) 

RETURN 

END 


(A) 0.0 (B) 1.0 (C) 20.0 (D) 21.0 


PROFESSIONAL PUBLICATIONS, INC. 


www.circuitmix.com 


COMPUTER SCIENCE 16-25 


The main program reads a value of 0 into the function FUNCT. This 
function is the natural exponential function e7. Therefore, the value 

e? = 1 is returned to the main program, where it is summed with the 
value 20.0. The final value of R is 21.0. 


COMPUTER SCIENCE-48 
Of the following, which is the only acceptable FORTRAN statement? 


(A) DIMENSION Z(TEN) 

(B) WRITE(6,101) (MATRIX(J,J=1,8)) 
(C) READ(5,99) (TIME(X),X=1,10) 
(D) READ(5,99) (TOTAL(N),N=1,20) 


The only correct statement is option (D). The others are not allowed 
in FORTRAN. 


The answer is (D). 


COMPUTER SCIENCE-—49 


If A and B are false, and C is true, which of the following logical expressions will 
be true? 
(A) .NOT.C.AND.A (B) B.AND.C.OR.A 

(C) .NOT.(A.AND.B) (D) .NOT.C 


Only option (C) is true. Since (A.AND.B) is false, NOT(A.AND.B) 
is true. 


The answer is (C). 
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COMPUTER SCIENCE-50 
A set of standard logic gates receives binary logic (values of 1 or 0) signals A 
and B. What is the logic representation of output signal C? 


(A) C=B (B) C=1 
(C) C=A+AB (D) C = A(A+B) 


The output of the NOR gate is A, the output of the AND gate is AB. 
These two outputs go to the OR gate and the output is A+ AB. 


The answer is (C). 


COMPUTER SCIENCE-51 


What are the values assigned to A and B in this subroutine? 


COMMON ALPHA,BETA main program 


ALPHA=4.0 
BETA=3.0 
COMMON B,A subroutine 
(A) A=3.0, B=3.0 (B) A=4.0, B=3.0 
(C) A=3.0, B=4.0 (D) A=4.0, B=4.0 


It is the order of the common variables that determines their value. In 
the subroutine, B corresponds to ALPHA=4.0 in the main program 
while A corresponds to BETA=3.0. 


The answer is (C). 
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COMPUTER. SCIENCE-52 
Which of the following are true statements regarding user-defined functions? 


I. The function is more versatile than a subroutine as it is not limited to 
mathematical calculations. 


I. The function is defined as a variable in the main program. 


=a! 


III. The function may be used repeatedly and anywhere in the program 
(A) I only (B) I and II (C) I and III (D) II and III 


I is false, since the subroutine is more versatile. II and III are true. 


The answer is (D). 


COMPUTER SCIENCE-53 


Which of the following would have to be added to the main program as a result of 
the variable XINCH being changed to INCH? Before the change, the function is 


FUNCTION FOOT(XINCH) 
FOOT=XINCH/12.0 
RETURN 

END 


(A) a COMMON statement 

(B) a CALL statement 

(C) a DIMENSION specification 
(D) a REAL variable declaration 


Without a REAL variable declaration, the variable INCH would be 
read by the computer as an integer variable, and FOOT would have 
an error. 


The answer is (D). 
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COMPUTER SCIENCE-54 


What will be the output of the following program? (u denotes a space in the 
output.) 


REAL K 
DATA K,X/1.3,14.5 
READ(5,100) K,X 

100 FORMAT(F5.1,3X,F5.1) 


F=K*X 
WRITE(6,200)K,X,F 

200 FORMAT(1X,‘K=’,E9.2,3X,‘X=’,E10.3,3X,‘F=’,E9.2) 
STOP 

999 END 


(A) yK=,0.1B,01yyX=0-1E 024 uuF=,0.2E02 
(B) K=10uuuX=100uuuF=20 

(C) UK=,0.13B,01yuuX=0-145E,02yuuF=_,0.19E,,02 
(D) uK=0.13E01uuuX=0.145E02uuuF=0.19E02 


The key line in the program is line 200. Line 100 is a FORMAT line 
for the data read into the program, but line 200 is the FORMAT line 
for the output. 


The answer is (C). 


COMPUTER SCIENCE-55 

Of the following statements, which is FALSE? 
(A 
( 


) The FORMAT statement may or may not be executed by the program. 
B) More than one STOP statement is permitted in a program. 

C) The arithmetic IF can only be used to evaluate an arithmetic expression. 
D) 


No FORMAT statement is required with unformatted READ or WRITE 
statements. 


The FORMAT statement must be executed by the program. There- 
fore, option (A) is false. 
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COMPUTER. SCIENCE-56 
What is the output of the program given? (|, denotes a space, and c denotes a 
blank line.) 
DO 30 I=1,3 
WRITE(6,10) X(I) 
10 FORMAT(1X,E8.2) 
WRITE(6,20) 
20 FORMAT(2X,/) 
30 CONTINUE 


(A) ,0.41E,04)).),,0.68E, 04, ),),,0.58E,,04 
(B) u0.41E 04 

)0.68E,,04 

u0.58Eu04 
(C) n0.41E 04 

E 

)0.68E),04 

E 

u0.58E_04 


(D) 0.41E,,04 
E 


Ẹ 
u0.68Eu04 
= 
E 
u0.58E 04 


The “/” symbol designates a skipped line. The 2X that precedes the 
line skip symbol in line 20 results in two skipped lines between output 
lines. Option (D) is the correct choice. 


The answer is (D). 
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